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ABSTRACT 
cDNA clones coding for trichosanthin (TCS), a Type 1 ribosome-
inactivating protein (RIP), have been obtained from the poly(A)+ RNA isolated 
from the root tuber of Trichosanthes kirilowii Maxim, of the Cucurbitaceae family. 
In this study, a cDNA library in AgtlO containing 4.9x10^ recombinants has 
been constructed. The library contains the size fractionated cDNAs larger than 
0.6 kb cloned in the unique ^coRI site of AgtlO. 51 positive clones have been 
screened out from about 6000 recombinants by plaque hybridization using an a-
momorcharin cDNA probe. Two positive clones, ATCS482 and ATCS502, have 
been subcloned in pUC18. The subclones, pTCS48210 and pTCS5021, have been 
sequenced by dideoxy-mediated chain termination sequencing method. The cDNA 
sequences of the two clones are identical except three nucleotide changes and 
encoded the same amino acid sequence. The sequence data indicate that TCS 
is synthesized as a preproprotein consisting of 289 amino adds including a 
putative secretory signal peptide of 23 amino acids and a carboxyl extension of 
19 amino acids. The mature protein consists of 247 amino acids. The sequence 
of the mature TCS deduced from the cDNA sequence is consistent with the 
primary sequence of TCS determined recently by Collins et al (1990), but deviates 
significantly from that determined by Wang et al (1986). 
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The Chinese drug Tianhuafen is the root tuber of the medicinal 
plant, Trichosanthes kirilowii Maximowicz of the Cucurbitaceae family. In the late 
Ming Dynasty, L i Shi-zhen (1596) had in his book "Compendium of Materia 
Medica" described Tianhuafen as an effective drug for "resetting menstruation" 
and "facilitating the expulsion of retained placenta". For a long time, Tianhaufen 
has been used in powdered form in conjunction with other Chinese herbal 
medicines and applied through the vagina to induce abortion. Recent research 
has shown that Tianhuafen alone is effective in inducing abortion. The active 
ingredient has been purified, shown to be a basic protein and named 
trichosanthin (TCS) (Wang et aL, 1976). 
1.1 Chemistry and Structure of Trichosanthin 
1.1.1 Chemistry 
TCS has been purified by the following method. The root tubers 
of T. kirilowii Maxim, were freshly collected, cut into pieces and pressed to obtain 
their juice. The juice was fractionally precipitated with acetone and purified by 
crystallization from barbiturate buffer (Jin et al” 1981). The pure crystalline TCS 
was free from carbohydrate and phosphate groups, and shown homogeneous by 
agarose plate electrophoresis, polyacrylamide gel electrophoresis, SDS-
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polyacrylamide electrophoresis, gel immunoelectrophoresis, gel permeation and 
N-terminal amino acid determination (Jin et al.’ 1981). 
TCS is a basic protein of p i 9.4 determined by glycerol gradient 
isoelectric focusing (Jin et aL, 1981). Its molecular weight as determined by SDS-
polyacrylamide gel electrophoresis is 24 000 (Jin et a l , 1981)，whereas the M W 
calculated from the determined primary sequence is about 26 000 (Wang et al., 
1986). I t consists of a single polypeptide containing one residue each of histidine 
and tryptophan but no cysteine or cystine (Qian et a l , 1981; Gu et a l , 1983; Gu 
et al” 1984). 
1.1.2 Primaiy Structure 
The primary sequence of TCS reported by Wang et al (1986) is 
shown in Figure 1.1(b). This sequence is composed of 234(233) amino acid 
residues. TCS seems to appear as a mixture of two homologous polypeptide 
chains differing only by one alanine residue at C-terminus (Wang et aL, 1986; 
Wang et al., 1988). The calculated molecular weight is 25682(25610) (Wang et 
fl/.，1986). However, Collins et al (1990) recently reported a primary sequence 
of TCS (Figure 1.1(a)) substantially different from the previous sequence. The 
two sequences are aligned and compared in Figure 1.1. The major differences 
relative to the newly reported sequence are a deletion of 3 residues between Glu-
58 and Val-62, an insertion of 10 residues between Val-69 and Tyr-70, and a 
deletion of 21 residues between Arg-222 and Asn-244. The two different 
sequences of TCS may be derived from different TCS-like proteins. Multiple 
2 
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IHLTNYADE——VALDVT 腳 AGLPRNAVLYIMGYRAGDTSYFFNEASATEAAK 
100 120 140 YVFKDAMRKVTLPYSGNYERLQTAAGK 工腿工 PLGLPALDSAITTLFYYNANSA 
YVFKDAMIIKVTLPYSGNYERLQTAAG 还RENIPLGLPALDSAITTLFYYNANSA 
160 180 2 0 0 ASAL 肌工 QSTSEAARYKFIEQQIGKKVDKTTLPSLAIISLENS-WSALSKQIQ 
ASAL 肌 IQSTSEAARYKFIEQQIG互 RVDKTFLPSLAIISLENS 诬ALSKQIQ 
T 2 2 0 . 240 247 
lASTNNGQFESPWLINAQNQRVTITNVDAGWTSNIALLLNRMMA 
IAS TMGTFESP WLINAQNQR NNMA 
Figure 1.1. Comparison of (a) the primary sequence of TCS determined by 
Collins et al (1990) with (b) that reported by Wang et al (1986). The TCS 
sequence (a) is numbered for reference. Differences in the sequence of Wang 
et al are underlined. 
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TCS existing in the root tuber of T. kirilowii Maxim, is highly possible because 
TCS is a ribosome-inactivating protein (RIP) (see Section 1.2.4) and it is typical 
to find multiple RIPs in a plant (Cawley et a l , 1977). Also it has to be noted 
that the two groups used the plants collected from different sources for TCS 
extraction; the different primary sequences of TCS derived from these proteins 
from distinct sources may reflect that variant TCS proteins are present in T. 
kirilowii Maxim, growing in different places. Nevertheless, errors might have 
occurred in the sequence determined by Wang et al (1986). It is likely the 
insertion between Val-69 and Tyr-70 is erroneous because these residues were 
not included in a preliminary report (Gu et aL, 1984). Moreover, without these 
residues the primary sequence in this region fits exactly to that of ricin A-chain. 
The extra 21 residues between Arg-222 and Asn-244 correspond to a potential 
tryptic cleavage peptide flanked by arginine residues. This peptide might have 
been missed by Wang et al. 
1.1.3 Three-dimensional Structure 
Electron density maps of TCS at 4 A, 3 A and 2.6 A resolution 
have been reported (Pan et aL, 1986; Pan et aL, 1987). The primary structure 
reported by Wang et al (1986) was fit to the X-ray diffraction data to generate 
a structural model (Figure 1.2) (Pan et al., 1986 and 1987). The molecular model 
showed that the TCS molecule is composed of two domains. The N-terminal 
domain with 160 residues is larger, and the smaller C-terminal domain has about 
60 residues. The last few residues lie just between the two domains. In addition, 
the structure of TCS belongs to a + p type. It contains eight a-helices and four 
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1 丄 ,Schemat ic drawing of TCS. A ribbon model of the protein 
backbone of TCS based on the 4 A strucmre of TCS. (After Fan et al, 1986) 
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"-sheets made up of 13 々-strands. Basing on the sequence of TCS determined 
by themselves, Collins et al (1990) also predicted a three-dimensional model of 
TCS to imitate the three-dimensional model of ricin A-chain (Montfort et a l , 
1987) with the aid of computer. The new model of TCS contains eight a-helices 
and a five-stranded yS-sheet (Figure 1.3). These two models differ in detail 
probably because they were made according to two very different sequences of 
TCS. It is important to note, nevertheless, that the overall shape and course of 
the polypeptide backbone derived from the X-ray model of TCS is still similar 
to Collins et aL,s model. 
1.2 Biological Activities of Trichosanthin 
1.2.1 Abortifacient Properties 
1.2.1A Termination of Mid-term Gestation 
TCS has been shown to be effective in inducing mid-term (3-6 
months of pregnancy) abortion in human and laboratory animals. An intra-
muscular injection of 5-10 mg TCS could induce mid-term abortion in women at 
a success rate of 99% (Anon., 1976a) When employed in clinical use, TCS was 
usually administered intra-amniotically (i.m.) (Jin et aL, 1985). At first, a 
preliminary intradermal hypersensitivity test of TCS was done. I f the skin test 
was negative, a challenge with 0.05 mg of the drug (i.m.) would be done 20 
minutes later. Then intra-amniotic injection of TCS (0.48 mg x gestation month) 
for the termination of mid-term pregnancy was given when there were no 
6 
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Figure 1.3. Superimposition of molecular models for ricin A-chain and TCS. 
A convergent stereo pair showing the energy-minimized model for TCS (lighter 
bonds) superimposed on the a-carbon backbone of ricin A-chain (darker bonds) 
(After Collins et al., 1990) 
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significant physiological responses or symptoms after 2 hours of observation. In 
addition to human, the abortifacient effects of TCS have also been demonstrated 
in mice, rabbits and monkeys (Wang et al., 1976; Wang et al., 1978; Chang et aL, 
1979; Saksena et aL, 1979; Lau et aL, 1980). TCS at a dose of 0.05 mg/25 g body 
weight was effective in inducing abortion in PD^q and PD^^ mice. A higher dose 
of 0.5 mg TCS in rabbit was required. 
The mechanism of mid-term abortion induced by TCS has been 
studied. In an attempt to elucidate the distribution and action site of TCS, 
labelled TCS was administered to pregnant mice (Kao and Zhou, 1978). By 
autoradiography, it has been found that the protein firstly accumulated in the 
outer layer of the placenta and then penetrated into the fetal tissues. In addition, 
TCS labelled with ^^^I-iodinated antibody has been found localized not only 
mainly in the syncytiotrophoblastic layer of placental vi l l i but also in other types 
of cells such as decidual cells and even uterine muscular cells in pregnant women 
and Macaca mulatta (Kao and Zhou, 1978). The distribution pattern of TCS in 
the tissues has revealed that TCS bound to some tissues especially the 
syncytiotrophoblasts with certain degrees of selectivity but the binding specificity 
was not absolute. However, though TCS labelled with fluorescent antibody was 
present in trophoblastic and decidual cells in mice, no cellular injuries have ever 
been found in decidual cells (Hsu et aL, 1976). Wang et al. (1976b) when 
examining the placentae of abortuses from M. mulatta after TCS injection also 
found that pathological changes have already obviously appeared in the 
syncytiotrophoblast while the cytotrophoblast still remained intact. The core 
mesenchymal cells of the vil l i and the decidual cells next to the trophoblastic 
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layer even appeared completely unaffected. In addition, in vitro studies on the 
effects of TCS on cultured human trophoblastic cells also showed that 
degenerative changes were noted in the syncytiotrophoblast and the injurious 
effect was similar to that found in in vivo studies (Xiong et al, 1976b). A l l the 
results have revealed that TCS primarily and specifically exerted injurious effects 
on the syncytiotrophoblastic layer of placenta in the course of inducing a mid-
term abortion despite its relatively low binding specificity. 
The injurious effects of TCS on the placenta was histologically 
examined in pregnant M. mulatta after TCS treatment (Wang et al., 1976). It has 
been found that pathological changes first appeared in the syncytiotrophoblast in 
villi. Most nuclei of the syncytiotrophoblastic cells were pyknotic or disintegrated. 
The whole placental membrane was infiltrated with a lot of leukocytes. The 
microvilli of the syncytiotrophoblast were fragmented or stripped off, and many 
cisternae of endoplasmic reticulum were enlarged and coalesced. The 
mitochondria were swollen and fragmented. The nuclear membrane swelled 
slightly and the chromatins aggregated in masses. However, even when the 
syncytiotrophoblast had been severely destmcted, the cytotrophoblast, decidual 
cells and the cells in the trophoblastic shell were not much affected. Since 
clumps of the disintegrating cells deposited in the intervillous spaces caused blood 
clotting, the fibrinoid deposition hindered blood circulation in the placenta. This 
in turn resulted in failure of nutrient supply to the placental tissues and thus 
accelerated necrosis of the placenta. The above observations have suggested that 
the primary action site of TCS was at the syncytiotrophoblast and the local 
circulation failure accelerated the necrotic degeneration of the placenta which 
9 
led to functional impairment of the placenta and death of the fetus. 
In addition to the morphological injuries of the placenta, various 
hormonal changes have been observed after TCS treatment. The urinary levels 
of pregnanediol and estriol of pregnant women treated with TCS showed a rise 
in concentrations on the first day after the administration, followed by a gradual 
fall (Jiang et aL’ 1977). Serum concentrations of estriol and hCG of TCS-treated 
pregnant women have also been monitored (Tso et a l , 1976; Wu et al” 1982). 
hCG level fell rapidly 24 hours after injection; on the third day, it approached the 
threshold value of spontaneous abortion. Several days afterwards, abortion 
occurred. There was, however, no correlation between the difference in the 
hormone levels and the duration of time necessary for the abortion. Serum 
estriol fell less abruptly than serum hCG in the first few days. After the 
expulsion of the abortus, the level of estriol dropped drastically. These results 
have indicated that after TCS was introduced in the human body it affected the 
endocrine function of the syncytiotrophoblast. The short-term rise in hCG and 
estriol levels occurring immediately after the administration of TCS could be 
explained by release of the hormones during disintegration of the 
syncytiotrophoblast. The possibility that TCS-induced termination of pregnancy 
was a result of luteolysis has been ruled out because exogenous progesterone or 
prolactin and hCG given twice daily failed to reverse the TCS-induced abortion 
in pregnant rabbits (Saksena et aL, 1979). 
The whole process of abortion induced by TCS includes the 
morphological and functional injuries of the placenta as well as the subsequent 
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uterine contraction, which eventually leads to expulsion of the fetus. The 
relationship between the pathological changes of the placenta and the uterine 
contraction is still unclear. However, Chu and Zhao (1985) found that the 
uterine PGF2^ in pregnant rat increased obviously and the in vitro dose responses 
of the uterine muscle to added 15-Me-PGF2^ or oxytocin were elevated after 
TCS treatment. The results have indicated that TCS could promote the synthesis 
of uterine PGFpa and enhance the sensitivity of uterine muscle to uterine 
contraction-inducing substances. Uterine endometrium and placenta are the 
primary sites of prostaglandin biosynthesis which can be inhibited by the uterine 
progesterone and implanted fetus (Williams, 1975). Therefore, the TCS-induced 
endocrine impairment of placenta lowering the uterine progesterone level might 
lead to an increase in PGFpa synthesis. It is possible that TCS initiated uterine 
contraction via elevating the uterine prostaglandin concentration and enhancing 
the sensitivity of uterine muscle to prostaglandins and oxytocin. 
Finally, it should be pointed out that the possibility that the 
allergenic properties of TCS (see Section 1.2.2A) might contribute to its 
pregnancy terminating activity has been ruled out. A group of PD^q mice was 
injected with TCS to induce allergy before the experiment and then they were 
induced to terminate pregnancy by the drug. Three other groups were injected 
with phenargen before and/or after allergy induction by TCS to inhibit antibody 
production, thus delaying hypersensitivity before induction of abortion by TCS 
(Xiong et al.，1976a). A l l four groups showed responses to the abortifacient 
effect of TCS. Therefore, it is unlikely that the abortifacient effect of TCS was 
mediated through immunologic mechanism. 
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I l l conclusion, TCS seems to act on the placental 
syncytiotrophoblast with certain degrees of specificities. The primary action of 
TCS is to cause the necrotic degeneration of the syncytiotrophoblast. This may 
lead to a placental insufficiency and a deprivation of growth promoting substances 
to the fetus. TCS-induced injuries of the placenta also affect the normal 
endocrine relationship of the feto-maternal unit. Subsequently, following the 
necrosis of the progesterone-synthesizing tissues and the fetal death, the 
inhibition of prostaglandin biosynthesis may be released. The prostaglandins 
stimulate the contraction of uterine muscle whose sensitivity to prostaglandins is 
also increased by TCS. Thereby, the abortus is expelled out of the uterus. 
1.2.1B Inhibition of Early Pregnancy 
The abortifacient effect of TCS on early pregnancy has also been 
studied. When TCS was administered to PD^-PD^ mice at doses of 50-200 Mg 
intra-peritoneally, no disruption of gestation was observed (Chang et a l , 1979). 
On the other hand, when TCS was given together with other Chinese medicines 
or with reserpine and testosterone, total inhibition of early pregnancy was found 
in human, mice and rabbits (Lau et a l , 1981; Jin and Ho, 1981). In another 
study，TCS was given intradermally to pregnant mice as two successive doses (250 
Axg each) on PD^ and PD^, this resulted in complete inhibition of pregnancy 
(Zhou et a l , 1982). The mechanism of the abortifacient effect of TCS on early 
pregnancy has also been studied extensively. When TCS was administered 
together with 15-Me-PGF2^ to terminate early pregnancy in human, necrosis of 
the aborted placental decidua appeared obviously (Jin and Ho, 1981). Zhou et 
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(1982) have also found that in mice TCS inhibited the decidual response in 
pseudo-pregnant uterus. The suppression in decidualization was coorelated with 
a decrease in estrodiol- and progesterone-binding capacity of the decidual cells 
(Chu et aL, 1982). In vitro study on the effects of TCS on preimplantation 
embryos showed that TCS adversely affected the compaction of blastomeres and 
disrupted the formation of blastocysts (Tarn et aL, 1985). Moreover, TCS 
impaired the in vitro and in utero development of trophoblasts and inner cell mass 
(Tarn et aL, 1985). Histometric examination of the endometrium revealed a poor 
proliferation of the endometrial stroma and abnormal glandular development in 
TCS-treated uterus (Tarn et aL, 1985). A l l these results have suggested that the 
z>2 vivo inhibition of early pregnancy was mediated by the interaction of the 
embryocidal effect and the suppressive action on the uterus both caused by TCS. 
Such an interaction made embryonic implantation unfavourable. 
Besides its abortifacient action, TCS is active against abnormal 
growth of trophoblastic cells in hydatidiform mole, malignant mole and 
choriocarcinoma (Anon., 1972a,b, 1974，1976c，1977; Chan et al., 1982; Yao, 
1978). In addition, TCS has been used to cure various gestational complications 
such as the retention of dead fetus in utero, missed abortion and ectopic 
pregnancy (Jin, 1985). 
1.2.2 Immunological Properties 
1.2.2A Antigenicity and Allergenicity 
13 
TCS is a strongly immunogenic protein. Its antigenic property can 
be reflected by the hypersensitivity induced by TCS. Zheng et al. (1984 and 
1986) reported that injection of TCS with aluminium hydroxide as adjuvant into 
mice resulted in production of high titre of IgE against TCS. IgE production is 
known to be related with Type I hypersensitivity (anaphylactic reaction). 
Consistently, clinical studies on the TCS-induced hypersensitivity have revealed 
that Type I hypersensitivity is primarily responsible for the side effects of TCS 
treatment (Jin, 1985). However, TCS is also capable of suppressing IgE 
production as elicited by other antigens, for example, ovalbumin (Zheng et 
a/：,1986). These results have indicated that TCS may have immunomodulatory 
effects on immune system, i.e. it can both stimulate the production of specific 
antibodies including IgE and suppress immune responses. 
122E Immunosuppressive Effects 
From the work of Poon (1981)，an immunosuppressive effect of 
TCS on cell-mediated responses of mice was observed both in vitro and in vivo. 
In vitro immune reactions such as Con A- and LPS-induced lymphocyte 
transformation, mixed lymphocyte reaction, and in vivo reaction such as delayed-
type hypersensitivity to SRBC were significantly suppressed by the protein. Later, 
the immunosuppressive activities of TCS were further confirmed by the studies 
on the effects of TCS on a variety of cell-mediated and humoral immune 
responses (Leung et aL, 1986). The results showed that TCS could markedly 
inhibit the lymphoproliferative response of mouse splenocytes to T cell mitogens 
such as Con A and PHA and to B cell mitogens such as LPS. Moreover, the in 
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vitro generation of a primary alloreactive cytotoxic T lymphocyte response and the 
production of IL-2 by Con A-activated mouse splenocytes in vitro were 
significantly suppressed in the presence of TCS. Similarly, TCS given in vivo not 
only resulted in a significant depression of the delayed-type hypersensitivity 
elicited by T cells but also suppressed the primary antibody response to SRBC. 
These altogether showed that TCS could inhibit T and B cell proliferation in vitro 
and effectively suppress specific induction of T and B cell function in vivo. 
Besides the specific immune responses, the nonspecific immune responses such 
as the cytostatic activity of picolinic acid activated macrophages and the 
phagocytic activity of proteose peptone elicited macrophages were markedly 
depressed by in vitro exposure to TCS. Although the results showed that TCS 
was capable of inhibiting a variety of immune responses, TCS did not inhibit the 
effector phase of cytotoxic T lymphocytes, in vitro natural killer (NK) cell-
mediated cytolysis and in vivo activation of NK cells (Leung et al, 1986). Thus, 
the immunomodulatory activities of TCS were not totally non-selective. 
1.2.3 Anti-tumour Activity 
TCS has been clinically used for the treatment of various abnormal 
growth of trophoblastic cells such as hydatidiform mole, malignant mole and 
choriocarcinoma. It has been found that choriocarcinoma which had higher 
degree of malignancy was less susceptible to TCS (Anon., 1976b). As mentioned 
above, the more differentiated syncytiotrophoblastic cells were more severely 
destructed by TCS than were the cytotrophoblast of lower degree of 
differentiation. Thus, the scientists suspected that the sensitivity of different 
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kinds of trophoblastic tumours to TCS might be related with their different 
degrees of differentiation. Tsao et al (1986) also reported that TCS had selective 
cytotoxic activity against choriocarcinoma cells in vitro while it had no inhibitory 
effects on various cultured cells such as human fetal fibroblasts, rat hepatoma and 
human squamous carcinoma except mouse melanoma. The results were 
consistent with the fact that TCS exerts selective injurious effects on the 
trophoblastic cells. However, it is interesting to note that melanoma cells were 
also sensitive to TCS. This implies that the melanoma and choriocarcinoma cells 
may share some specific properties which render them more susceptible to 
damage induced by TCS. 
In view of the cytotoxic effect of TCS, Wang et al (1987) 
attempted to conjugate TCS to a specific antibody to synthesize an immunotoxin 
to enhance the versatility of its anti-tumour activity. It has been known that TCS 
was not effective in inhibiting human hepatoma cells (Geng and Xu, 1980). The 
very low cytotoxicity of free TCS may be owing to that TCS failed in binding with 
the hepatoma cells. In contrast, as TCS was conjugated to hepatoma-1, a 
monoclonal antibody directed against human hepatoma (Xie et a l , 1985)，to form 
a conjugate, the binding of the conjugate with the hepatoma cells via antigen-
antibody interaction facilitated the internalization of the drug whereby the 
cytotoxicity of TCS against the hepatoma cells was highly enhanced. 
12A Ribosome-inactivating Activity 
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Ribosome-inactivating proteins (RIPs) from plants have long been 
known. The first and best studied among these proteins is ricin isolated from the 
seeds of the castor plant Ricinus communis. Since ricin was first recognized in 
the 1880s (Stillmark, 1889)，several RIPs have subsequently been discovered and 
isolated. These proteins, which presumably serve a protective function, fall into 
two broad classes (Barbieri and Stirpe, 1982). The first class Type 1 RIPs are 
single-chain proteins of M W -30 000 and strongly basic (pi often >9.5); most of 
them are glycoproteins (Stirpe and Barbieri, 1986). Representatives of this class 
include PAP (Irvin, 1975), PAP-S (Barbieri et a l , 1982), and PAP-II (Irvin et aL, 
1980) from Phytolacca arnericana, dodecandrin from Phytolacca dodecandria 
(Ready et al” 1984b), gelonin from Gelonium multiflomm (Stirpe et al, 1980), 
tr i t in from wheat germ (Roberts and Stewart, 1979) and a-momorcharin from the 
seeds of Momordica charantia (Law, 1983). The second class Type 2 RIPs consist 
of a ribosome-inactivating A-chain of MW -30 000，pi between 4.8 and 8， 
l inked by a single disulfide bond to a heavier B-chain which binds sugars with the 
configuration of D-galactose (Stirpe and Barbieri, 1986). Ricin from R 
communis (Olsnes and Pihl, 1973a), modeccin from Modecca digitata (Gasperi-
Campani et al, 1978)，and abrin iromAhrusprecatorius (Olsnes and Pihl, 1973b) 
belong to this class. Their cytotoxity is generally more potent than that of the 
Type 1 RIPs, probably because the B-chain binding causes the incorporation of 
the toxin into the eukaryotic cells and may assist the A-chain in reaching the 
cytoplasm (Nicolson and Blaustein，1972). Type 1 RIPs and the A-chains of Type 
2 RIPs catalytically inactivate the 60S ribosomal subunit of eukaryotic ribosomes 
and adversely affect the eukaryotic elongation factor 1- and 2- (EF-1 & EF-2) 
associated functions of the 60S subunit. Hence they inhibit protein synthesis in 
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eukaryotic cells. The studies on the mechanism of ricin A-chain action have 
revealed that the catalytic inactivation was apparently achieved by an N-glycosidic 
cleavage which released a specific adenine base from the ribose-phosphate 
backbone of 28S rRNA (A4324 in rat liver 28S rRNA) (Endo et a l , 1987; Endo 
and Tsunigi, 1987). 
The first evidence suggesting that TCS may be a member of the 
RIP family comes from the homology in the primary structure of TCS and that 
of ricin A-chain (Zhang and Wang, 1986). Alignment of TCS and ricin A-chain 
(Figure 1.4) shows that they have 91 identical residues and 42 conservative 
residues. In addition, the conformation of ricin A-chain and that of TCS 
determined by circular dichroism (CD) have also been compared (Kubota et al. 
1987). The CD spectra of both the molecules are nearly identical. This indicates 
that TCS and ricin A-chain have about the same amount of secondary structure. 
A l l the structural similarities between TCS and ricin A-chain imply their 
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functional similarities. 
Later, Maraganore etal (1987) confirmed the ribosome-inactivating 
activity of TCS. TCS at ng levels inhibited protein synthesis in rabbit reticulocyte 
lysate. Yeung et al (1988) also obtained similar results. These evidences support 
that TCS belongs to the family of Type 1 RIPs. 
The anti-tumour effect of TCS is correlated with its inhibitory 
action on protein synthesis (Tsao et aL, 1986). TCS inhibited incorporation of 
radiolabelled leucine into human choriocarcinoma cells. Similarly, the inhibition 
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^Figure 1.4. Alignment of the primary sequence of TCS reported by Wanc^ et al 
(1986) (upper sequence) with that of ricin A-chain (lower sequence)。The 
residues enclosed by CZZ3 are identical and those enclosed by … ] a r e con-
servative. (After Zhang and Wang, 1986) 一― 
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of early pregnancy by TCS might have resulted from the inhibitory effects on 
macromolecule biosynthesis including protein synthesis of the implanting embryo 
and the endometrial cells (Tarn et a l , 1985). In terminating mid-term pregnancy, 
TCS severely damaged the syncytiotrophoblast (Anon., 1976a; Jin, 1985). These 
cells have a high pynocytic activity and it is known that RIPs are particularly toxic 
to highly pynocytating cells such as macrophages (Descotes et al., 1985). Thus it 
seems that TCS may induce abortion through inactivating the ribosomes in the 
sensitive syncytiotrophoblastic cells. 
1»2.5 Human Immunodeficiency Virus (HIY) Inhibitory Activity 
Type 1 RIPs have been known to prevent viral transmission by 
inhibiting protein synthesis for viral replication. For example, PAP from P. 
americana inhibits viral transmission in plants (Wyatt and Shepherd, 1969; 
Tomlinson et al.’ 1974) and the replication of polio vims (Ussery and Irvin, 1974) 
and influenza virus (Tomlinson et a l , 1974) in tissue culture. In the light of TCS 
being a Type 1 RIP and possessing immunosuppressive properties, its antiviral 
activity on H IV was studied. McGrath et al (1989) reported that TCS selectively 
inhibited replication of human immunodeficiency virus (EDTV), the etiologic agent 
for AIDS, in cells of both lymphoid and mononuclear phagocyte cell lineages in 
vitro. Inhibition of H IV replication in acutely in yzVra-infected T-lymphoblastoid 
cells was observed by measurement of supernatant fflV p24 antigen content. The 
majority of H IV p24 production was abolished at 16-63 ng/ml of TCS, with 
essentially complete inhibition seen at 1-2 iig/mi. TCS treatment also resulted 
in a selective decrease in the amount of viral RNA present in infected T-
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lymphoblastoid cells. Consistently, TCS treatment of monocyte/macrophages 
chronically infected with H IV in vitro suppressed HIV replication. It was noted 
that 2 weeks following the treatment there was an about 40% loss of cellular 
viability when H IV antigen expression remained undetectable. TCS appeared to 
exert a selective inhibitory activity that initially suppressed viral replication and 
ultimately selectively killed HIV-infected monocyte/macrophages. Furthermore, 
in an ex vivo experimental system designed to simulate the similar potential in 
v/vo administration of TCS, monocyte/macrophages isolated from individuals 
infected with H IV in vivo was treated with TCS (500 ng/ml). It was found that 
the H I V antigen expression was substantially inhibited. 
The mechanism of action whereby TCS inhibits H IV replicaton is 
currently unknown. However, the observation that the treated cells showed a 
selective proportional decrease in the amount of viral RNA relative to total 
cellular RNA at 48 hours of culture with no effect on levels of RNA encoding the 
cellular gene for y-actin suggests a selective effect of TCS on viral nucleic acid 
synthesis, processing and/or stability. 
1.3 Objectives and Strategy of Cloning the cDNA of Trichosanthin 
The present study was aimed at cloning and sequencing the cDNA 
of TCS from root tubers of T. kirilowii Maxim. Our plan of obtaining the cDNA 
was based on two objectives. The first one is to synthesize biologically active 
TCS by expressing the recombinant cDNA of TCS. Since the yield of extracting 
pure TCS from fresh root tuber is low (about 3.5 g crystalline TCS from 10 kg 
21 
fresh root tubers) (Jin eta/. 1981)，it is more economical to massively produce the 
protein utilizing recombinant DNA techniques. Moreover，TCS isolated from the 
root tuber may be contaminated with lectins. Yeung et al. (1986) have reported 
that at least three isolectins can be found in root tubers of T. kirilowii Maxim. 
Lectins have erythroagglutinating activities. Thus, TCS preparations 
contaminated with lectins can cause severe erythroagglutinating effect which may 
lead to death if the TCS is applied in clinical uses. The TCS synthesized from 
its cDNA can get rid of these impurities and thus is advantageous over the 
natural TCS. The second and perhaps the ultimate objective is to modify the 
TCS molecule by protein engineering. The main problem met in the clinical 
use of TCS is the hypersensitivity induced by TCS owing to its strongly antigenic 
property. After having cloned and sequenced the cDNA of TCS, we may be able 
to perform site-specific mutations on the cDNA to alter its amino acid sequence. 
Thereby，we can modify the antigenic property of TCS to minimize its side effects 
but allow its biological properties to remain unaltered. 
Since TCS is abundant in root tubers of T. kirilowii Maxim., we 
presumed that the mRNA of TCS should be present in the root tubers in large 
amount. Basing on this rationale, we first isolated poly(A)+ RNAs from root 
tubers of T. kirilowii Maxim. The poly(A)+ RNAs were converted into double-
stranded cDNAs with reverse transcriptase. Then the cDNAs were cloned into 
a A bacteriophage vector AgtlO to construct a library. The desired cDNA clones 
were screened out from the library by using an a-momorcharin (a-MMC) gene 
probe whose deduced amino acid sequence is homologous to the sequence of 
TCS. After obtaining the positive clones, we subcloned the cDNAs into a 
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plasmid vector pUC18 on which we carried out the sequencing by dideoxy 
method (Sanger et al.’ 1977). 
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 General Techniques 
2.1.1 Extraction with Phenol 
Phenol denatures proteins and extracts them out of an aqueous 
solution of DNA into the organic phase. An equal volume of phenol (containing 
hydroxyquinoline and /3-mercaptoethanol to final concentrations of0.1%(w/v) and 
0.2%(v/v) respectively) equilibrated with TE (pH 8.0) (Appendix A) was added 
to the D N A sample and gently vortexed until an emulsion was formed. 
Centrifugation was carried out until separation of aqueous and organic phases 
was complete. Then, the aqueous phase was extracted with an equal volume of 
phenol:chlorofonn:isoamyl alcohol (25:24:1). Traces of phenol were removed by 
extraction with an equal volume of chloroformiisoamyl alcohol(24:1). 
2.1.2 Ethanol Precipitation 
0.1 volume of 3.0 M sodium acetate (pH 5.2) and two volumes of 
cold absolute ethanol were added to a DNA solution. The DNA was 
precipitated at -70。C for 1 hour or overnight at -20。C. The precipitate was 
pelleted by centrifugation at 12 OOOg for 20 minutes at 4。C in a microfuge. The 
pellet of nucleic acid was washed with 70% ethanol and recovered by 
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centrifugation at 12 000^ for 10 minutes at 4。C. Finally, the pellet was 
lyophilized in a SpeedVac (Savant Instruments Inc.) and dissolved in TE (pH 
8.0) (Appendix A), water or a suitable buffer at the desired concentration. 
2.1.3 Spectrophotometry 
A Hitachi Model 100-10 UV-VIS spectrophotometer was used 
routinely for nucleic acid concentration and purity determination through OD^qq 
and OD28Q respectively and for bacterial growth determination through ODg^Q. 
2.1.4 Restriction Digestion of DNA 
Restriction digestions of A or plasmid DNA were carried out in a 
volume of 20 to 100 ul in the appropriate buffers as suggested by the suppliers. 
The solutions were mixed and incubated at 37。C for 3 to 6 hours. After the 
digestion, the restriction enzymes were inactivated by extraction with phenol or 
by heat treatment (e.g., 65°C for 15 minutes), if necessary. The restriction 
enzymes used were purchased from Promega, New England BioLab and 
Amersham. 
2.1.5 End-labelling DNA with Recessed 3，-ends 
1 fig of DNA digested with EcoRl or HmdUl, 2 ii\ of 10 mM Tris-
C1 (pH 7.4), 1 Ml of [a-32p]_dATP (10 mCi/ml, 3000 Ci/mmol) (Amersham 
PB10204) and 1 unit of Klenow fragment of E. coli DNA polymerase I 
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(Amersham) were mixed and the reaction volume was made up to 20 /il with 
water. The mixture was incubated at room temperature for 1 hour. Finally, the 
reaction was stopped by heat treatment (70°C for 30 minutes). 
2.1.6 Agarose Gel Electrophoresis of DNA 
The volumes of DNA samples were adjusted to 5-20 i i l with water 
and 5x gel-loading buffer (Appendix A) was added to a final concentration of I x . 
The gels were prepared with 0.5-2.0%(w/v) agarose (Sigma A-9539) dissolved 
in Ix TBE buffer containing 0.5 Mg/ml of ethidium bromide. Then, 
electrophoresis was performed at constant voltage of 50-80 V in a gel tank in 
Ix TBE buffer (Appendix A). When the electrophoresis was finished, D N A was 
visualized on a Spectroline Model TC-302 U V transiUuminator (302 nm) and，if 
necessary, photographed with a Polaroid MP-4 instant camera and Polaroid 667 
instant f i lm through a H O Y A R(25A) red filter. 
2.1.7 Elution of DNA from Agarose Gel 
D N A fragments were recovered from agarose gels after 
electrophoresis by using Geneclean Kit (BIO 101). The electrophoresis was 
carried out as described in Section 2.1.6. To reduce the impurities in the eluted 
DNA^ SEAKEM Low Electroendosmosis agarose (FMC BioProducts) was used. 
Since TBE buffer can affect the efficiency of D N A elution, Ix T A E buffer 
(Appendix A) was used to dissolve the agarose gel and to perform the 
electrophoresis. The gel containing the desired DNA band was excised, sliced 
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into fine pieces, weighed and put into a 1.5-ITI1 microfugc tube. Two to three 
times the volume of the gel slice (the volume of 1 g of the gel slice was regarded 
as 1 ml) of Nal stock solution (Geneclean) was added to the gel to dissolve it. 
The tube was incubated at 45。-55。C with constant mixing for 5 minutes or until 
the gel was completely dissolved. Then, 5 fil of Glassmilk, an insoluble silica 
matrix from Geneclean, was added to the solution followed by mixing. The 
suspension was placed on ice for 5 minutes to allow binding of the DNA to the 
silica matrix. The silica matrix was pelleted in a microfuge for 5 seconds. The 
supernatant was discarded and the pellet was resuspended with 0.5 ml of NEW 
Wash (Geneclean). The suspension was centrifuged for 5 seconds. The 
supernatant was removed and then the wash was repeated twice. In order to 
elme the bound DNA, the silica matrix was resuspended in 30 fil of TE (pH 8.0) 
(Appendix A). The tube was incubated at 45。-55。C for 3 minutes followed by 
centrifugation for 30 seconds. The supernatant containing the eluted DNA was 
saved. The concentration of the eluted DNA could be estimated by 
electrophoresing 2-4 m1 of the DNA in an agarose gel and comparing the 
fluorescence intensities of the bands with those of the standard DNA with known 
concentrations. 
2.1.8 Minipreparation of Bacteriophage X DNA from Plate Lysates 
100 Ml of plaque suspension in SM (Appendix A) containing 
approximately 10^ pfu of bacteriophage A was mixed with 0.2 ml of plating 
bacteria and 30 of 1 M MgSO^. The mixture was incubated for 15-20 minutes 
at 37°C to allow the phage adsorption by bacteria. 3 ml of molten (55°-60°C) top 
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LB agarose (0.5%) (Appendix B) was added into the mixture. After mixed, the 
gel solution was poured immediately onto a labelled 90-mm plate containing 30-
35 ml of bottom LB agarose (Appendix B). The plate was inverted and 
incubated at a suitable temperature relevant to the type of the phage and the 
plating bacteria. As confluent lysis appeared, 5 ml of SM buffer was added onto 
the plate which was then placed at 4°C for several hours with intermittent, gentle 
shaking. To harvest the eluted phages, l -ml aliquots were added in microfuge 
tubes and followed by addition of a drop of chloroform. The solution was 
centrifuged at 13 000 rpm in a microfuge for 10 minutes to remove cell debris. 
The supematants were transferred to new tubes. 1 ^g of DNAase I and 10 fig 
of RNAase were added to each tube. • After the tubes were incubated at 37。C 
for 30 minutes, cell debris was pelleted by centrifugation for 10 minutes. Then 
100 Ml each of 40% PEG 6000 and 5 M NaCl was added to each ml of the 
supernatant. The phage particles were allowed to precipitate at room 
temperature for 30 minutes. The precipitated phages were collected by 
centrifugation at 13 000 rpm for 5 minutes. The phage pellets were altogether 
resuspended in 0.5 ml of SM. If necessary, the solution was centrifuged for 5 
minutes to remove trace debris. 5 each of 10% SDS and 0.5 M EDTA was 
added to the supernatant. The phages were lysed as incubated at 68。C for 15 
minutes. Proteins were removed by phenol extraction and then the phage DNA 
was recovered by ethanol precipitation. Finally, the lyophilized DNA pellet was 
dissolved in 20 fi l of TE (pH 8.0) or water and stored at -20。C 
2.1.9 Minipreparation of Plasmid DNA 
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This method was adopted Birnboim and Doly (1979). A single 
colony was transferred into 2 nil of LB medium containing an appropiate 
antibiotic. The culture was incubated overnight at 37°C with vigorous shaking. 
1.5 ml of the culture was poured into a microfuge tube. The tube was centrifuged 
at 13 000 rpm for 5 minutes to pellet the bacteria. The cell pellet was 
resuspended in 100 of ice-cold lysis buffer (25 m M Tris-Cl pH 7.4, 10 m M 
E D T A p H 8.0，0.9% glucose) and the tube was placed on ice for 5-10 minutes. 
The cells were lysed by addition of 200 i i l of freshly prepared alkaline SDS (1% 
SDS，0.2 N NaOH). The tube was returned on ice for 5 minutes. Then, 150 fi l 
of 4 M sodium acetate (pH 5-6) was added in the cell lysate followed by 
incubation on ice for further 15-30 minutes. The contents of the tube were mixed 
occasionally. The chromosomal D N A and cell debris were removed by 
centrifugation at 13 000 rpm for 20 minutes. 1 ml of cold absolute ethanol was 
added to the supernatant and the D N A was precipitated at _7〇。C for 30 minutes. 
The precipitated D N A was collected by centrifugation for 20 minutes at 4。C. 
After lyophilization, the pellet was resuspended in 100 i i l of TE (pH 7.4) 
(Appendix A). The bacterial RNA was digested by addition of 10 Mg of RNAase 
A followed by incubation at 37。C for 30 minutes. Proteins were removed by 
phenol extraction and the plasmid D N A was ethanol-precipitated. The dried 
D N A pellet was dissolved in 30 fi l of water or TE (pH 8.0). The D N A solution 
was stored at -20°C until needed. 
2.1.10 Large-scale Preparation of Plasmid DNA 
2.1.10A By Equilibrium Centrifugation in CsCl-Ethidium Bromide Gradient 
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A single colony was innoculated in 10 rnl of LB medium containing 
an appropiate antibiotic. The culture was incubated overnight at 37。C with 
vigorous shaking. The 10-ml culture was transferred to 1 1 of fresh LB medium 
containing the same antibiotic. After overnight incubation, the cells was 
harvested by centrifugation at 7000 rpm for 5 minutes at 4。C in a RPR 12-2 rotor 
(Hitachi High Speed Centrifuge SCR20B). The bacterial pellets were altogether 
resuspended in 40 ml of ice-cold lysis buffer (2 mg/ml lysozyme added before 
use，25 m M Tris-Cl p H 7.5，10 m M EDTA pH 8.0，0.9% glucose). 100 ml of 
freshly prepared alkaline SDS (1% SDS, 0.2 N NaOH) and 80 ml of 4 M sodium 
acetate (pH 5.5-6.0) were added. The mixture was placed on ice for 30 minutes 
and swirled occasionally. The chromosomal D N A and cell debris were pelleted 
by centrifugation at 12 000 rpm at 4°C for 30 minutes. The supernatant was 
decanted into two 250-ml centrifuge bottles, and 50 ml of 50% PEG 6000 was 
added to each one. The bottles Were placed on ice for 1 hour to precipitate 
DNA. Centrifugation at 5000 rpm at 10。C for 5 minutes was proceeded to pellet 
the DNA. The supernatants were discarded and the bottles were left to drain for 
a few minutes. Each pellet was resuspended with 8 ml of TE (pH 7.4). The 
D N A was precipitated by adding 5 M NaCl to a final concentration of 0.5 M and 
two volumes of cold absolute ethanol. Subsequently the mixtures were 
centrifuged at 10 000 rpm at 4°C for 20 minutes. Each pellet was dissolved in 
8 ml of TE (pH 7.4). 
The crude D N A solution was mixed with 0.8 ml of 10 mg/ml 
ethidium bromide. The solution density was adjusted to 1.59 g/ml. Then the 
DNAs were banded by centrifugation at 35 000 rpm for 36 hours (SW50.1 rotor 
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and Beckman L7-55 Ultracentrifuge) at 20°C. The plasmid DNA at the Imvcr 
band was drawn out by using a 2.5-ml syringe with a 19-gauge needle. In order 
to avoid nicking the DNA, ethidium bromide was immediately extracted from the 
D N A with an equal volume of water-saturated 2-butanol. The two phases were 
mixed by vortexing. As the separation of the aqueous and organic phases 
completed, the upper 2-butanol layer was removed. The extraction was repeated 
until all the pink color disappeared from both phases. Then, the CsCl was 
removed by dialysis for 24 hours against several changes of TE (pH 8.0). O D ^ 
and OD280 of the D N A solution were measured to determine its concentration 
and purity respectively. The D N A was stored in aliquots at -20°C. 
2.1.103 By Using QIAGEN-pack 100 Cartridge 
The cells of a 50-ml overnight culture were harvested by 
centrifugation at 7000 rpm at 4。C (RPR 20-2 rotor and Hitachi High Speed 
Centrifuge SCR20B). The cell pellet was resuspended in 3.6 ml of an ice-cold 
solution of 50 m M Tris-Cl (pH 7.4). 0.4 ml of lysozyme (20 mg/ml of 50 mM 
Tris-Cl，pH 7.4，freshly prepared) was added to digest the bacterial cell wall. 
After incubation on ice for 10 minutes, 1 ml of 0.5 M E D T A (pH 8.0) was added 
and the mixture was incubated on ice for further 10 minutes. Subsequently, 200 
Ml of 2% Triton X-100 was added to lyse the cell membrane. The contents of the 
tubes were mixed gently and then centrifuged at 11 500 rpm for 45 minutes at 
40c to remove cell debris and chromosomal DNA. The supernatant was saved 
and treated with RNAase A (final concentration 20 /xg/ml) for 30 minutes at 
Proteinase K (freshly prepared) was added into the lysate to a final 
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concentration of 10 Mg/ml followed by incubation for 30 minutes at 37°C. The 
lysate was centrifuged again at 11 500 rpm for 10 minutes. 4.5 ml of the cleared 
lysate was transferred to a new tube, and mixed with 1 ml and 0.5 ml of 5 M 
NaCl and 1 M MOPS (pH 7.0), respectively. 
A QIAGEN-pack 100 column (QIAGEN Inc.) was equilibrated with 
2 ml of buffer A (400 m M NaCl, 50 mM MOPS, 15% ethanol, p H 7.00). The 
DNA solution was adsorbed onto the cartridge by forcing the sample through at 
a maximum flow rate of approximately 0.5 ml/min. The cartridge was washed 
by forcing through 5 ml of buffer C (1000 m M NaCl, 50 m M MOPS, 15% 
ethanol, p H 7.00) in more than three minutes to remove proteins, RNA and 
other impurities. At last, the plasmid DNA was eluted from the cartridge by 
pressing through 2 ml of buffer F (1500 mM NaCl, 50 m M MOPS, 15% ethanol, 
pH 7.50) at a flow rate of about 1 ml/min. 
0.8 volume of isopropanol was added to the eluted DNA. After 
placed for 1 to 2 hours on ice, the tubes were centrifuged at 15 000 rpm (RPR 
18-3 rotor) at 4。C for 20 minutes. The pellet was washed twice with 70% ethanol 
and lyophilized. The DNA was dissolved in 200 /al of water or TE (pH 8.0) and 
stored in aliquots at -20°C. 
2.1.11 Preparation and Transformation of Competent Escherichia coli 
The method followed the standard transformation protocol of 
Hanahan (1985). A single colony of E. coli JM109 or DHSa (Appendix B) was 
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innoculated in 1 ml of SOB medium (Appendix B) and the culture was incubated 
at 37°C overnight with vigorous shaking. 0.3 ml of the overnight culture was 
transferred to 30 ml of fresh SOB medium. The culture was incubated at 37°C 
for 2-3.5 hours until its ODg^o was about 0.4. The culture was placed on ice for 
10 minutes. Then the cells were harvested by centrifugation at 7000 rpm (Hitachi 
High Speed Centrifuge and RPR 20-2 rotor) at 4°C for 5 minutes. The cell 
pellet was gently suspended in 5 ml of ice-cold TFB (Appendix C). The cell 
suspension was cooled on ice for 10 minutes. The cells were re-pelleted by 
centrifugation at 7000 rpm at 4。C for 5 minutes. The pellet was resuspended in 
1.25 ml of ice-cold TFB and then 40 fi l of DnD solution (Appendix C) was added 
to the cell suspension. Immediately it was swirled vigorously for several seconds 
and incubated on ice for 10 minutes. 40 of DnD solution was added into the 
suspension again with shaking for several seconds. The cell suspension was 
returned to the ice-bath for 20 minutes. 210-^1 aliquots of the competent cells 
were dispensed in water-rinsed chilled sterile microfuge tubes. 
The transforming DNA (less than 10 /xl) was added to the 
competent cells and then mixed well. The tubes were stored on ice for 30 
minutes and then heat-shocked in a 42°C ciroilating water bath for exactly 2 
minutes. The tubes were rapidly transferred to an ice bath to chill the cells for 
2 minutes. 800 /xl of SOC medium (Appendix B) was added to each tube. The 
cultures were incubated at 3TC in a shaking water bath for 45 minutes to allow 
the bacteria to recover and to express the antibiotic resistance marker encoded 
by the plasmid. An appropriate volume (up to 200 f i l per 90-mm plate) of 
transformed competent cells with 20 jA of 0.1 M IPTG and 50 /xl of 2%(w/v) X_ 
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gal dissolved in dimethylformamide was added onto a LB agar plate containing 
an appropriate antibiotic. The transformed cells were spread over the surface of 
the agar plate with a sterile bent glass rod. After the liquid had been absorbed, 
the plates were inverted and incubated at 37。C overnight. 
2.1.12 Preparation of Nucleic Acid Probes 
2.1.12A By Nick Translation 
The nucleic acid probes were labelled by using the Nick Translation 
Ki t of Amersham (N5000). Approximately 50 ng of D N A to be labelled in 19 
of water or TE (pH 8.0)，6 lA of nucleotide/buffer solution (100 f iM dATP, 100 
mM dGTP and 100 f iM dTTP in a nick translation buffer containing Tris-Cl p H 
7.8，MgCl2 and /3-mercaptoethanol), 3 “ I of [a-^^PJ-dCTP (10 mCi/ml, 3000 
Ci/mmol) (Amersham PB10205) and 2 of enzyme solution (0.5 unit/Ml D N A 
polymerase I and 10 pg// i l DNAase I in a buffer solution containing Tris-Cl p H 
7.5，MgClg, glycerol and bovine serum albumin) were mixed in a microfuge tube. 
The mixture was incubated at 15°C for 1 hour. Finally, 0.5 M E D T A (pH 8.0) 
was added to a final concentration of 20 m M followed by heat treatment at 
lOQOC for 5 minutes to stop the reaction. In order to remove the unincorporated 
nucleotides, the ^^P-labelled probes was purified by passing through a Sephadex 
G-50 spun-column (see Section 2.1.13). 
2.1.12B By Random-primed Labelling 
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Alternatively, the Miiltiprime DNA Labelling System of Arnersham 
(RPN1601) was used to label the probes. At first, 50 ng DNA in 56 of water 
was dispensed into a microfuge tube and placed in a boiling water bath for 2 
minutes to denature the DNA. The tube was transferred to an ice bath. 
Reagents were added in the following order: 20 of labelling/reaction buffer 
solution (dATP, dGTP and dTTP in a concentrated buffer solution containing 
Tris-Cl，pH 7.8, MgCl? and /?-mercaptoethanol), 10 /i l of primer BSA solution 
(random hexanucleotides in an aqueous solution containing nuclease-free BSA), 
[a-32p]ciCTP (10 mCi/ml, 3000 Ci/mmol) (Amersham PB10205) and 4 /A of 
enzyme solution (1 unit/Ml DNA Klenow fragment of D N A polymerase I in 50 
m M potassium phosphate p H 6.5, 10 mM /5-mercaptoethanol and 50% glycerol). 
The components were mixed gently and incubated for 1 hour at 37°C. The 
multiprime-labelled probes were also purified by Sephadex G-50 spun-column 
chromatography (see Section 2.1.13). 
2.1.13 Sephadex G-50 Spun-column Chromatography 
The Sephadex G-50 spun-colum chromatography (Figure 2.1) was 
carried out according to Maniatis et al (1982). The bottom of a l-ml disposable 
syringe was plugged with a small amount of sterile glass wool. The syringe, after 
filled with Sephadex G-50 and equilibrated in Ix TEN buffer (Appendix A), was 
inserted into a 15-ml disposable plastic tube. The column was centrifuged at 
160(^ for 4 minutes at room temperature in a swinging-bucket rotor in a bench 
centrifuge (MSE CENTAUR2 Centrifuge). More resin was added and the tube 
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Figure 2.1. Schematic diagram of a Sephadex G-50 spun-column. 
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ml and remained unchanged after centrifugation. The packed column was then 
equilibrated by addition of 0.1 ml of Ix TEN buffer and centrifugated as 
mentioned above. The equilibration was repeated until the volume of the 
effluent was equal to 0.1 ml. After column equilibration, a D N A sample could 
be applied to the column in a total volume of 0.1 ml ( Ix TEN buffer was used 
to make up the volume). A decapped microfuge tube was put in the disposable 
tube (Figure 2.1). Centrifugation was carried out as above; the effluent (about 
100 Ml) was collected in the decapped microfuge tube. The eluted D N A was 
transferred to a capped microfuge tube and stored at -20°C until needed. 
2.1.14 Monitoring the Progress of Probe Labelling Reactions 
The proportion of [a-^^P]dCTP incorporated into D N A following 
nick translation or random-primed labelling was determined as follows. 1 of 
the reaction mixture was diluted with 200 of water and 10 jul of the diluted 
reaction mixture was spotted onto the centre of each of two 2.4-cm discs of 
Whatman DE81 paper. One of the discs was sequentially washed (1) six times, 
each for 5 minutes in 0.5 M Na^PIPO^, (2) twice, each for 1 minute in water，and 
(3) twice each for 1 minute in 95% ethanol Both filters were dried under an 
infra-red lamp and counted with a liquid scintillation counter after addition of 5 
ml of scintillation fluid(see Section 2.1.15). The unwashed filter reflected the 
total radioactivity in the sample and the washed filter contained only the 
radioactivity incorporated into nucleic acid. 
2.1.15 Liquid Scintillation Counting 
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A Beckman LS1801 liquid scintillion counter was used for ^^P and 
35 S countings. The scintillation fluid used was prepared by mixing 660 ml of 
toluene AR, 330 ml of Triton X-100, 5 g of PPO and 0.25 g of POPOP. Filters 
were placed in plastic scintillation vials and 5 ml of the scintillation fluid was 
added before counting. 
2.1.16 Southern and Northern Hybridizations 
Prehybridization buffer for Southern hybridization: lOx Denhardt's 
solution (Appendix A), 6x SSC (Appendix A), 0.5% SDS, and 100 / i l /ml 
denatured salmon sperm DNA or calf thymus DNA. 
Prehybridization buffer for Northern hybridization: 5x Denhardt's 
solution, 6x SSC, 0.5% SDS, and 100 /xl/ml denatured salmon sperm D N A or calf 
thymus DNA. 
Hybridization buffers for Southern and Northern hybridization: As 
for prehybridization solution with about 50 ng of radioactively labelled probe. 
For Southern blots: After photographed, the agarose gel was rinsed 
with water and then soaked in denaturating solution (1.5 M NaCl and 0.5 M 
NaOH). The gel was gently shaken at room temperature for 30 minutes. The 
liquid was poured off and the gel was rinsed in water. Then neutralizing solution 
(1.5 M NaCl, 0.5 M Tris-Cl pH 7.5) was added and the gel was shaken for further 
15 minutes. The liquid was poured off and the neutralization procedures was 
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repeated once. The gel was rinsed in water again. 
For Northern blots: The gel containing formaldehyde was washed 
with lOx SSC twice each for 20 minutes. 
Blotting: Four pieces of 3MM Whatman filter paper, with size 
nearly equal to or slightly larger than the gel size, were placed on the top of a 
sponge which was soaked in lOx or 20x SSC. A sheet of nitrocellulose (NC) 
membrane was prewetted by floating it on 6x SSC. Then a blotting apparatus 
was set as shown in Figure 2.2. After overnight blotting, the origin of sample 
loading was marked with ink and the filter was air-dried. The dry filter 
sandwiched between two sheets of 3MM Whatman filter paper was baked at 65°C 
in a vacuum oven for 2 hours. The baked filter could be stored dry indefinitely 
in plastic bags. 
Prehybridization: The baked blot was floated on 2x SSC until it 
was wetted from beneath and then immersed in the buffer for 2 minutes. The 
wet filter was slipped into a plastic bag. 0.2 ml of prehybridization buffer which 
prewarmed to the prehybridization temperature was added for each cm^ of 
nitrocellulose membrane. The bag, after squeezed to remove all air bubbles, was 
sealed. Prehybridization was allowed to proceed overnight at the desired 
temperature. A probe prepared by nick translation or random-primed labelling 
(see Section 2.1.12) was boiled for 5 minutes for denatiiration and then mixed 
with an aliquot of prehybridization buffer to form the hybridization buffer. A 
comer of the bag was cut open to remove the prehyridization buffer. 50 jul of the 
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Figure 2.2. Capillary transfer of nucleic acid from agarose gels. Buffer is 
drawn from a reservoir and passes through the gel into a stack of paper towel 
The D N A is eluted from the gel by the moving stream of buffer and is deposited 
on a nitrocellulose filter. A weight applied to the top of the paper towels helps 
to ensure a tight connection between the layers of material used in the transfer 
system. 
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hybridization buffer per cm^ of nitrocellulose membrane was added into the bag. 
The bag was sealed again after air bubbles had been squeezed out. 
Hybridization was allowed to proceed overnight at the same temperature for 
prehybridization. 
The next day, the filter was washed in a plastic tray with shaking 
as follows: 
For Southern blots: A t the temperature 3。C below the hybridization temperature, 
the filter was washed (1) three times, each for 20 minutes with 3x SSC/0.1% 
SDS，(2) twice, each for 20 minutes with Ix SSC/0.1% SDS, (3) once for 20 
minutes with 0.05x SSC/0.1% SDS; lastly, the filter was washed at room 
temperature once for 20 minutes with 4x SSC/0.1% SDS. 
For Northern blots: A t the temperature 5°C below the hybridization temperature, 
the filter was washed three times each for 20 minutes with 0.5x SSC/0.1% SDS. 
The filter was allowed to semi-dry in air, wrapped in cling film and 
exposed to X-ray f i lm (see Section 2.1.17). 
2.1.17 Autoradiography 
Southern and Northern blots, nitrocellulose membranes of plaque 
/n situ hybridization, polyacrylamide gels, sequencing gels and agarose gels were 
set up on Kodak X -OMAT A R diagnostic f i lm in Kodak X-Omatic cassettes with 
two X-Omatic regular intensifying screens at room temperature or -70°C. The 
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length and the temperature of the exposure depended on the intensity of the 
signal. Films were developed with Kodak X-ray developer for 5 minutes and 
then fixed with Kodak X-ray fixer for 5 minutes. The films were rinsed under tap 
water. 
2»2 Techniques for Constructing a Complementary DNA (cDNA) 
Library 
2-2.1 Extraction and Purification of Plant RNA 
The extraction of crude total RNA from the root tuber of 
Trichosanthes kirilowii Maxim, was modified from Logemann et al (1987) and the 
cnibe RNA was purified by CsCl gradient ultracentrifugation basically following 
the procedure described by Ausubel et aL (1988). 
Fresh root tubers of T. kirilowii Maxim, obtained from Guangdong 
of China were washed with water to remove the soil on the surface and then 
chopped into small blocks. They were immediately put in liquid nitrogen. Then 
the frozen tissue was stored in plastic bags at -70°C until needed. 
Approximately 50 g of the root tuber was taken out from the 
freezer and kept in liquid nitrogen. Then the root tuber was wrapped with 
aluminium foil and broken into small pieces with a hammer. They were poured 
in a mortar containing a little liquid nitrogen. 20 g of alumina powder was added 
to aid to grind the tissue to fine powder. 100 ml of grinding buffer (6%(w/v) 
sodium 4-aminosalicylate, l%(w/v) sodium triisopropyl-naphthalene sulfonic acid 
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(TNS)’ 4%(v/v) phenol mixture，50 mM Tris-Cl pH 8.4，1.25%(w/v) sodium 
diethyl-dithiocarbanic acid) and the tissue was ground to homogenate with a 
pestle in the mortar. The homogenate was thawed at room temperature, and 
then poured into a centrifuge bottle followed by addition of 20% SDS and 0.5 M 
E D T A (pH 8.0) to final concentrations of 1% and 2 m M respectively. The 
mixture was heated to 55°C for 15 to 30 minutes. In order to remove the tissue 
debris and alumina, it was centrifuged at 10 000 rpm at 4°C (Hitachi High Speed 
Centrifuge and RPR 12-2 rotor) for 10 minutes. The supernatant was transferred 
to another centrifuge bottle and an equal volume of phenol:chloroformrisoamyl 
alcohol (25:24:1) was added. The phenol used in plant R N A extraction was first 
treated as follows: re-distilled phenol containing 0.1%(w/v) 8-hydroxyquinoline 
was equilibrated with an equilibrating buffer (10 m M E D T A p H 8.0，100 m M 
NaCl，0.1 M Tris-Cl, p H 7.6) three times and ^-mercaptoethanol was added to 
the equilibrated phenol to 0.2%(v/v) as a preservative. The two phases were 
shaken vigorously for 5 minutes and centrifuged at 4000 rpm at room 
temperature for 10 minutes. The aqueous phase was saved and the phenol 
extraction was repeated once. Then the RNA-containing aqueous phase was 
collected, and mixed with 0.7 volume of precooled absolute ethanol and 0.2 
volume of 1 M acetic acid for precipitating the RNA while leaving D N A and 
residual proteins in the supernatant. The RNA was allowed to precipitate at -
20°C overnight. The precipitated RNA was pelleted at 10 000 rpm for 10 
minutes at room temperature. The pellet was washed twice with 3 M sodium 
acetate (pH 5.2) to dissolve low-molecular-weight RNAs and contaminating 
polysacccharides, whereas intact RNA stayed as a pellet after centrifugation for 
5 minutes at 10 000 rpm after each wash. The salt was removed by a final wash 
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with 70% ethanol and the lyophilized RNA pellet was subsequently dissolved in 
TE (pH 8.0). 
4.75 g of CsCl was dissolved in the RNA solution and then the 
volume was made up to exactly 5 ml. The final density of the solution should be 
equal to 1.55 g/ml. The RNA solution was transferred into a 5-ml polyallomer 
ultacentrifuge tube (Beckman). After the tubes to be centrifuged were balanced, 
a few drops of mineral oil were added onto the liquid surface to avoid 
evaporation. The tubes were centrifuged at 35 000 rpm in a Beckman SW50.1 
rotor for 24 hours at 20°C (Beckman L7-55 Ultracentrifuge), As the 
centrifugation was finished, the oil layer and the protein and DNA bands were 
first removed with a Pasteur pipette. After all the supernatant was removed, the 
pellet was drained for 5 to 10 minutes. The RNA pellet was allowed to dissolve 
in 540 / i l of TE (pH 8.0) at 4°C overnight. The RNA solution was mixed with 
60 Ml of 3 M sodium acetate and 1.5 ml of precooled ethanol, and the RNA was 
precipitated for 1 hour at -70°C. The RNA was collected by centrifugation at 
10 000 rpm for 10 minutes at 4°C. After washed with 70% ethanol, the pellet 
was lyophilized and dissolved in 1 ml of TE (pH 8.0). OD^go and OD280 of the 
purified R N A were measured to determine its quantity and purity (see Section 
2.1.3). 
2丄2 Electrophoresis of RNA in Agarose Gel Containing Formaldehyde 
The purified plant RNA was electrophoresed according to Maniatis 
et al (1982). 
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5x formaldehyde gel-running buffer: 0.1 M MOPS (pH 7.0), 40 mM 
sodium acetate, 5 m M EDTA (pH 8.0) 
Formaldehyde gel-loading buffer: 50% glycerol, 1 m M EDTA (pH 
8.0)，0.25% bromophenol blue, 0.25% xylene cyanol FF 
An 1.4% agarose gel was prepared by melting an appropriate 
amount of agarose in water, cooling it to 60。C，and adding 5x formaldehyde gel-
running buffer and formaldehyde to give final concentrations of Ix and 2.2 M， 
respectively. The gel was casted and allowed to set for at least 30 minutes. Then 
the samples were prepared by mixing the following components in a microfuge 
tube: 4.5 111 of RNA (up to 20 Mg), 2.0 f i l of 5x formaldehyde gel-running buffer, 
3.5 Ml of formaldehyde and 10.0 m1 of formamide. The samples were incubated 
for 15 minutes at 55。C，and then 2 /i l of formaldehyde gel-loading buffer was 
added. 
The gel was immersed in Ix formaldehyde gel-running buffer in 
which formaldehyde was added to 2.2 M just before use. The R N A samples were 
loaded into the wells of the gel. Electrophoresis was carried out at 3-4 V/cm. 
A peristaltic pump was used to maintain the same p H in both buffer reservoirs 
by constant recirculation of the buffer from negative to positive electrode. A t the 
end of the run (when the bromophenol blue had migrated approximately 8 cm), 
the gel was fixed in 1 M acetic acid for 30 minutes, stained with ethidium 
bromide (0.5 Mg/ml in 0.1 M ammonium acetate) for 30 minutes and destained 
in water for 3 hours. The RNA in the gel was visualized and photographed by 
U V illumination (see Section 2.1.6). However, the gel for Northern blotting did 
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not need fixing and would not be stained with ethidium bromide. 
2«2.3 01igo(dT)-ceIlulose Column Chromatrography 
The method was adopted from Maniatis et al (1982) and Jacobson 
(1987). 
2x binding buffer: 0.02 M Tris-Cl (pH 7.5), 1.0 M NaCl, 2 m M 
EDTA, 1% SDS 
Wash buffer: 0.01 M Tris-Cl (pH 7.5), 0.1 M NaCl, 1 m M EDTA 
Elution buffer: 0.01 M Tris-Cl (pH 7.5)，1 m M EDTA 
Approximately 0.1 g of oligo(dT)-cellulose, Type 7 (Pharmacia) was 
suspended in 5 ml of elution buffer at 4。C overnight. A column of oligo(dT)-
cellulose was poured in a sterile l -ml autopipette tip plugged with sterile glass 
wool. The column was washed with 5 column volumes of Ix binding buffer. The 
R N A sample was dissolved at 1-5 mg/ml in TE (pH 8.0), heated to 65°C for 5 
minutes，quickly cooled on ice, diluted with an equal volume of 2x binding buffer 
and applied onto the column. The flow-through was collected, reheated and 
reapplied twice. Then the column was washed with Ix binding buffer. OD260 of 
the eluate was monitored until the reading approached zero. The column was 
washed again with the wash buffer until ODpgo of the eluate approached zero. 
The bound R N A was eluted with 2-3 column volumes of elution buffer; 
subsequently, it was adjusted to a final concentration of 0.5 M NaCl (with 5 M 
NaCl), rebound, rewashed, and reeluted as before. The amount of RNA in the 
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final eluate was determined by spectrophotometry and the RNA was recovered 
by precipitation with 0.1 volume of 3 M sodium acetate (pH 5.2) and 2.5 volumes 
of precooled ethanoL Following precipitation at -20°C overnight, the RNA was 
centrifuged in a microfuge for 20 minutes at 4。C. The pellet was washed with 
70% ethanol and lyophilized. The dried poly(A)+ RNA was kept at -70。C until 
needed. 
The column was regenerated by washing with 2-3 volumes of 0.1 M 
NaOH, 3-5 volumes of water and 5 volumes of Ix binding buffer. For storage, 
0.2% sodium azide was included in the binding buffer. 
i 
2.2.4 In Vitro Translation in Rabbit Reticulocyte Lysate 
In vitro translation was carried out with rabbit reticulocyte lysate 
(Amersham N90). 2 fig of poly(A)+ RNA was dissolved in 2 of water. The 
blank and the positive control were set by 2 fil of water and 2 of tobacco 
mosaic virus (TMV) RNA (2 jag) provided along with the reticulocyte lysate by 
the supplier, respectively. The samples, blank and positive control were heated 
to 65°C for 15 minutes. Then, 20 jllI of rabbit reticulocyte lysate and 3 jul of L-
严S]methionine (15 mCi/ml, 1228 Ci/mmol) (Amersham, SJ235), both of which 
were thawed on ice just before use, were added. The mixtures were incubated 
at 30°C for 90 minutes. 
2 /xl of each reaction mixture was transferred to 1 ml of water in 
a 15-ml plastic tube and the rest was stored at -20°C. 0.5 ml of decolorizing 
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solution (1 N NaOH, 5%(v/v) 30% hydrogen peroxide, 0.1%(w/v) methionine) 
was added into the diluted reaction mixtures. The tubes were allowed to stand 
at room temperature for 10 minutes until the color faded. The proteins were 
precipitated by adding a few drops of 1 mg/ml and 2 ml of ice-cold 25%(w/v) 
trichloroacetic acid (TCA); the mixtures were incubated on ice for 30 minutes. 
The contents of the tubes were filtered through 10% TCA-prewetted Whatman 
G /FC filter discs. The filter discs were washed with 10% TCA three times. 
After being dried under an infra-red lamp, radioactivities on the discs were 
counted with a liquid scintillation counter (see Section 2.1.15). 
2.2.5 SDS-poIyacrylamide Gel Electrophoresis (SDS-PAGE) of In Vitro 
Translation Products 
Solution A: 30% acrylamide, 0.8% N,N'-methylene-bisacrylamide 
(bis). The solution was stored in dark bottle at 4°C. 
Solution B: 1.5 M Tris-Cl (pH 8.8) 
Solution C: 10% SDS 
Solution D: 0.5 M Tris-Cl (pH 6.8) 
Gel-ninniiig buffer (Tris-glycine-SDS, p H 8.3): For 2 1，6.0 g Tris-
base，28.8 g glycine and 2.0 g SDS were dissolved in water. 
2x sample buffer: 1.25 ml of solution D, 2.0 ml of solution C, 0.5 
ml of ^-mercaptoethanol and 0.2 ml of 0.1% bromophenol blue were mixed, and 
• the volume was made up to 5 ml. 
12.5% separating gel (40 ml): 16.7 ml of solution A, 10.0 ml of 
solution B, 0.4 ml of solution C and 12.9 ml of water were mixed and degassed 
for 15 minutes. Immediately before the gel was poured, 1.0 ml of 30 mg/ml 
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ammonium persulfate (freshly prepared) and 15 of TEMED (Bio-Rad) were 
added. 
4.5% stacking gel (10 ml): 1.5 ml of solution A, 2.5 ml of solution 
D’ 0.1 ml of solution C and 6.4 ml of water were mixed and then the gel solution 
was degassed for 15 minutes. Just before use, 0.5 ml of 30 mg/ml ammonium 
persulfate (freshly prepared) and 7.5 fi l of TEMED were added. 
Staining solution: 0.25% coomassive blue, 40% methanol, 10% 
acetic acid. 
First destaining solution: 50% methanol, 7.5% acetic acid. 
Second destaining solution: 5% methanol, 7.5% acetic add. 
Wash solution: 50% methanol, 10% acetic acid. 
Glycerol/methanol solution: 3% glycerol, 30% methanol. 
The gel was poured and casted by using PROTEAN I I Slab 
Electrophoresis Cell (Bio-Rad) according to Ausubel et al (1988). The reaction 
mixtures of in vitro translation were diluted 1:2 (v/v) with 2x sample buffer and 
boiled for 3 minutes at 100°C. The samples were centrifuged briefly to remove 
the precipitated proteins. Along with the in vitro translation products, a low 
molecular weight marker (Pharmacia) and purified trichosanthin were also 
applied. The gel was run at 60 V. 
The electrophoresis was terminated as the bromophenol blue 
tracking dye had reached the bottom of the separating gel. The lanes of the 
marker and the protein control were stained in the staining solution for 4 hours, 
destained in the first destaining solution overnight with several changes and then 
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in the second destaining solution for 4-6 hours. The gel was soaked in 
glycerol/methanol solution for 3 hours to avoid cracking. Finally, the gel was 
dried in a gel dryer (Bio-Rad Model 543). On the other hand, the lanes of the 
vitro translation products were fixed in wash solution for 2 hours and then 
soaked in glycerol/methanol solution for 3 hours. The radioactive gel was dried 
in a gel dryer (Bio-Rad Model 543) and then exposed to a X-ray fi lm (see 
Section 2.1.17). 
2.2.6 cDNA Synthesis 
The cDNA for the subsequent cDNA cloning was synthesized from 
the plant poly(A)+ RNA by using cDNA Synthesis System Plus kit (Amersham 
RPN1256). 
22.6X First Strand Synthesis 
The following components were added in the order given below: 
5x 1st strand synthesis reaction buffer 10 jA 
Sodium pyrophosphate solution 2.5 fi\ 
Human placental ribonuclease inhibitor 2.5 
Deoxynucleoside triphosphate mix 5 fi l 
Oligo dT 2.5 111 
poly(A)+ RNA (approximately 10 /ig) 20 fi l 
sterile water 2.5 fi l 
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They were mixed gently and spun for a few seconds in a microfuge. 
5 Ml of reverse transcriptase (20 umts//il) was added. The reaction mixture was 
incubated at 42°C for a minimum of 40 minutes and then placed on ice. 
2丄6B Second Strand Synthesis 
The first strand cDNA synthesis mix on ice was added with the 
following components in the order given below: 
1st strand cDNA reaction mix 50 j i l 
2nd strand synthesis reaction buffer 93.5 / i l 
E. coli ribonuclease H (0.8 unit/Vl) 5 
E. coli D N A polymerase I (3.5 un i ts /M l ) 33 iil 
sterile water 66 fi l 
They were mixed gently and then incubated sequentially at 12。C for 
60 minutes, 22°C for 60 minutes, and 70。C for 10 minutes. The mixture was spun 
briefly in a microfuge and placed on ice. 2.5 jllI of T4 D N A polymerase (4 
units/Ml) was added so that the total reaction volume became 250 j^l. It was 
incubated at 37。C for 10 minutes. The reaction was stopped by adding 10 jllI of 
0.25 M E D T A (pH 8.0). 
2»2.6C Purification of the Double-stranded cDNA (dcDNA) 
The proteins in the second strand reaction mixture were removed 
by phenol:chloroform:isoamyl alcohol (25:24:1) extraction and then by chloroform 
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extraction. Unincorporated nucleotides were removed by Sephadex G-50 spun-
column chromatography (see Section 2.1.13). The eluted cDNA was ethanol-
precipitated (see Section 2.1.2) and stored as pellet in 70% ethanol at -20°C until 
needed. 
2丄7 Methylation of the cDNA with Ecom Methylase 
The cDNA pellet after lyophilization was suspended in 20 m1 of 
EcoRl methylase buffer (50 m M Tris-Cl p H 7.5, 1 m M EDTA, 5 m M DTT). 1 
Ml each of S-adenosyl-[^H-methyl]-methioine (1 mCi/ml, 15 Ci/mmol) 
(Amersham TRK236) and JEcoRl methylase (20 units/^l) (Promega) was added 
to the cDNA. The reaction mixture was incubated at 37°C for 1 hour and then 
heated at 65°C for 15 minutes to inactivate the enzyme. 
2丄8 Addition of EcoRl Cohesive Termini onto the cDNA 
The methylation reaction mixture (22 j i l ) was added to a microfuge 
tube containing approximately 1 /xg of a dried 8-mer kinased £'coRI linker 
(5'd(pGGAATTCC)3') (Sigma). 2 jA of linker ligation buffer (100 m M MgCl^, 
100 m M DTT, 100 m M ATP, 50 m M Tris-Cl p H 7.5) was added. Then 1.5 /xl of 
T4 D N A ligase (3 units/Ml) (Promega) was included to catalyze the ligation. 
After the reaction mixture was incubated at 15°C overnight, 10 fi l 
of linker EcoRI buffer (50 m M Tris-Cl p H 7.5，10 m M MgCl。, 300 m M NaCl) 
and 1 /i l of EcoRI (20 umts//il) (Promega) were added. Followed by incubation 
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at 37°C for 4 hours, the reaction was stopped by heating at 70°C for 10 minutes. 
2.2.9 Removal of Excess EcoRl Linkers and Size Fractionation of the 
cDNA 
The cDNAs were fractionated by size and the excess linkers were 
removed in a single step by running the reaction mixture over a Sepharose CL-
4B (Pharmacia) column at room temperature (Eschenfeldt and Berger, 1987; 
Huynh et a l , 1985). The column was made of a piece of disposable plastic l -m l 
pipette with internal diameter of 3 mm (Figure 2.3). The water-diluted 
Sepharose slurry was poured into the column until a bed height of about 21 cm 
was obtained. The column was washed with water followed by several column 
volumes of water saturated with 0.05% diethyl pyrocarbonate (DEPC). The 
DEPC was removed by re-washing the column with water. After washed 
thoroughly, the column was equilibrated with 50 ml of column buffer (10 mM 
Tris-Cl, p H 7.5，100 m M NaCl, 1 mM EDTA). The flow rate was adjusted so 
that a dye marker (10 / A of T E , pH 7.5 plus 1 of 0.25% bromophenol blue-
50% glycerol) moved about 1 cm in 10 minutes. 
Before the cDNA sample was loaded, the column was precalibrated 
by running 10 of a [扔S]DNA marker (Amersham SJ5000). 4-drop fractions 
were collected in microfuge tubes (about 10 per drop). An aliquot of each 
fraction was run in a 0.8% agarose gel to determine the size distribution of the 
D N A marker in the fractions. The column was washed thoroughly with column 
buffer before used to fractionate cDNA. 
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Figure 2.3. Schematic diagram of a Sepharose CL-4B column for size 
fractionation of cDNA. 
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After the cDNA sample was lyophilized and resuspended in 10 /il 
of sterile water, it was loaded onto the column and 4-drop fractions were 
collected as above. The fractions containing the cDNA of desired sizes were 
pooled and then the cDNA was ethanol-precipitated. The precipitated cDNA 
was dissolved in 10 fi l of sterile water. 
2.2.10 Ligation of the cDNA with 五coRI-digested XgtlO 
The double-stranded cDNA that had been size fractionated was 
ligated to the ^coRI-cleaved vector DNA. The A vector employed in this study 
was Protoclone AgtlO System (Promega) which was 五coRI-digested and alkaline 
phosphatase-treated. 
In order to determine the optimal ligation conditions for the cDNA, 
a series of small scale reactions, in which the molar concentration of the vector 
remained constant while the amount of insert D N A varied, were proceeded. 
After the optimal relative concentrations of the vector arms and the cDNA insert 
had been determined, a large scale ligation reaction based on the optimum ratio 
of insert to vector D N A was prepared as follows: 
AgtlO (1.5 Mg) 3 lA 
cDNA 3.5 Ml 
lOx ligation buffer 1 jA 
T4 D N A ligase (3 units//il) (Promega) 1.5 
sterile water 5.5 jul 
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The reaction mixture was incubated at 15°C overnight. 
2.2.11 In Vitro Packaging 
In vitro packaging extracts (sonicated extract and freeze/thaw 
lysate) were prepared and packaging reactions were carried out according to 
Maniatis et al (1982), 
15-/il aliquots of sonicated extract and 10-/il aliquots of freeze/thaw 
lysate were thawed on ice. Before the sonicated extract was thawed, the 
freeze/thaw lysate was added onto it. When the mixtures were almost completely 
thawed, the recombinant A DNA prepared in the large scale ligation reaction in 
Section 2.2.10 was equally dispersed in three tubes of the packaging extract. 
They were mixed gently and incubated at room temperature for 1 to 2 hours. 
The contents of the three tubes were pooled to one tube and diluted with 0.5 ml 
of SM buffer (Appendix B). One drop of chloroform was added followed by 
centrifugation for 30 minutes in a microfuge to pellet the cell debris. A AgtlO 
library was constructed and stored at 4°C. 
2.2.12 Titration of the XgtlO Library 
Appropriate dilutions of the library were made in SM buffer, e.g. 
1/100, 1/1000 and 1/10 000. 100 jA of the diluted phage plus 30 of I M 
MgSO^ were mixed with 200 /i l of E. coli C600 and BNN102 (Appendix B) 
separately. The phages were allowed to be adsorbed for 15-30 minutes at 3 T C . 
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3 ml of molten (55°-60°C) LB top agar (Appendix B) was added. The gel 
solution was vortexed gently and immediately poured onto LB plates (Appendix 
B). The top agar was allowed to harden and the plate was incubated invertedly 
at 37°C overnight. The numbers of clear and turbid plaques were counted to 
determine the titer of the phage. 
2.3 Screening the cDNA Library in XgtlO with a Nucleic Acid Probe 
The cDNA library was screened by plaque hybridization according 
to the method modified from that of Mason and Williams (1985). The AgtlO 
cDNA library was mixed with top agarose at plaque densities of 1x10^ and 5x10^ 
per 90-mm plate. The plates were incubated at 37。C for approximately 6 hours 
and then chilled at 4°C for 30 minutes to allow the top agarose to harden. Each 
of the numbered nitrocellulose (NC) filters (Schleicher and Schuell BA85) was 
laid onto the surface of the top agarose of the corresponding plate. The filters 
were marked in three asymmetric locations with ink and allowed to absorb for 
3 minutes. Each filter was peeled off and laid, plaque side up, on a sheet of 
3 M M Whatman filter paper saturated with denaturating solution (1.5 M NaCl, 
0.5 M NaOH) for 5 minutes. The filters, kept horizontally, were transferred one 
at a time to a sheet of filter paper saturated with neutralizing solution (1.5 M 
NaCl, 1 M Tris-Cl pH 7.5). After 5 minutes, they were transferred to a sheet of 
filter paper saturated with 4x SET (Appendix A) for 10 minutes. The filters were 
placed on dry filter paper and air dried at room temperature. Then they were 
sandwiched between two sheets of filter paper and baked in an oven at 80°C for 
2 hours. A duplicate replica was prepared by putting another nitrocellulose filter 
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onto each plate and marked with ink at the same locations. These filters were 
allowed to contact with the plaques for 5 minutes and treated in the same way 
as for the first ones. 
The filters were wetted one at a time by floating on the surface of 6x 
SSC (Appendix A). Then they were immersed in the buffer for 15 minutes. Two 
filters were put to a plastic bag with D N A side facing out; 2 ml of 
prehybridization solution (see Southern hybridization in Section 2.1.16) was added 
into each bag. After air bubbles were removed, the bags were sealed. 
Prehybridization was proceeded at 50°C overnight. The 120-bp 3'-fragment of a-
momorcharin cDNA, MMC412, obtained from Dr. W.KLK Ho was adopted as 
a probe. The probe was ^^P-labelled and then purified as described in Section 
2.1.12 and 2.1.13. 
After prehybridization, one comer of each bag was cut open to 
remove the liquid; 1 ml of hybridization solution containing the probe (5 x 10^ 
cpm/ml) was added to each bag. The bags were resealed after all bubbles were 
squeezed out. After incubation at 50°C overnight, the filters were immersed one 
at a time in 6x SSC/0.1% SDS for a few minutes with swirling. Then the filters 
were washed as follows: 3x SSC/0.1% SDS at 45。C (three times, each for 20 
minutes), Ix SSC/0.1% SDS at 45。C (twice, each for 20 minutes), 0.05x 
SSC/0.1% SDS at 45°C (once, for 10 minutes) and finally 4x SSC/0.1% SDS at 
room temperature (once, for 20 minutes). The filters were allowed to semi-dry 
on a sheet of filter paper at room temperature and marked at the keying marks 
with radioactive ink. They were wrapped in cling f i lm and autoradiography was 
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carried out as described in Section 2.1.17. 
Only signals that duplicated in the two filter replicas from the same 
master plate were regarded as authentic positives. Then the positive plaques 
were picked out using Pasteur pipettes and each was suspended in 0.5 ml of SM 
buffer containing a drop of chloroform. The phages showing positive signals were 
re-plated out again at low density (50-100 per 90-mm plate), and the binding and 
hybridization schedule was repeated to check that all plaques gave a positive 
signal. 
2.4 Subcloning DNA Fragments in pUC18 
2.4.1 Dephosphoiylation of Linearized pUC18 with Protruding 5，Termini 
The procedure essentially followed that in Maniatis et al (1982). 
10 fig of closed circular pUC18 D N A was digested with the desired restriction 
enzyme unti l digestion was complete. The digested D N A was extracted with 
phenolrchloroforai and then recovered by ethanol precipitation. The D N A pellet 
was dissolved in 44 /xl of water. 5 of lOx CIP buffer (0.5 M Tris-Cl p H 9.0，10 
m M MgCl2, 1 m M ZnClp’ 10 m M spermidine) and 1 / i l of CIP (calf intestinal 
alkaline phosphatase) (6.7 units/jLtl) were added to the DNA. After the reaction 
mixture was incubated at 37。C for 30 minutes, another 1 / i l of CIP was added. 
The mixture was incubated at 37°C for further 30 minutes. 39 jul of water, 10 
of lOx TEN buffer (Appendix A) and 5 of 10% SDS were added to the 
reaction mix. The enzyme was inactivated by heat treatment at 65°C for 1 hour. 
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The DNA was then extracted with phenol and passed through the Sephadcx G-
50 spun-column. Finally, the dephosphorylated linearized pUC18 was collected 
by ethanol precipitation and dissolved in TE (pH 8.0). 
2.4.2 Ligation of Foreign DNA with Linearized pUC18 with Cohesive 
Termini 
The plasmid and foreign DNAs were digested with appropriate 
restriction enzyme(s). The desired foreign DNA fragments were isolated with 
Geneclean Kit following gel electrophoresis (see Section 2.1.7). The plasmid was 
treated with phosphatase (see Section 2.3.1), if necessary. 
The ligation mixture was set up as follows: 0.1 /xg of the vector 
D N A was mixed with an equimolar amount of foreign DNA in a microfuge tube. 
The volume was adjusted to 11.5 by addition of water. The solution was 
wanned to 45°C for 5 minutes to melt any cohesive termini that had reannealed, 
followed by being chilled on ice immediately. Then 3 /i l of 5x ligase buffer (0.15 
M Tris-Cl p H 7.8, 50 m M MgCl^, 50 mM DTT, 2.5 m M ATP, 0.5 mg/ml BSA) 
and 0.5 of T4 D N A ligase (homemade, 5 Weiss un i ts /M l ) were added into the 
mixture. The reaction mixture was incubated overnight at 15°C Then the 
recombinant pUC18 was used to transform competent E. coli as described in 
Section 2.1.11. 
2.5 DNA Sequencing on Double-stranded Templates 
The positive clones were sequenced by the dideoxy method, which 
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was originally developed by F. Sanger (Sanger et al., 1977), using double-stranded 
templates (Chen and Seeburg, 1985) and modified T7 DNA polymerase (Tabor 
and Richardson，1987). "^^Sequencing Kit (Pharmacia) and Deaza "Sequencing 
Mixes (Pharmacia) were utilized to carry out the sequencing reaction. The 
oligonucleotide primers except the universal primer which was provided in the 
sequencing kit were obtained from Dr. S.A. Chow of the University of Hong 
Kong. 
2.5.1 DNA Sequencing Reaction 
2.5.1A Alkaline Denaturation of Double-stranded Plasmid Templates 
1.5-2 jLig of plasmid D N A (a D N A fragment to be sequenced cloned 
in pUC18) dissolved in 8 of water was mixed with 2 / i l of 2 M NaOH. The 
solution was incubated at room temperature for 10 minutes. Then 3 / i l of 3 M 
sodium acetate (pH 4.5)，7 /il of water and 60 /il of precooled ethanol was added 
to the denatured DNA. D N A precipitation was proceeded at -70°C for 1-2 hours. 
The D N A was pelleted by centrifugation for 20 minutes at 4°C. After washed 
with 70% ethanol and lyophilized, the D N A was resuspended in 10 jul of water. 
2.5.1B Labelling Reaction and Termination Reactions 
2 /i l each of annealing buffer and primer solution was added to the 
10 /llI of denatured templates. The mixture was incubated at 37°C for 20 minutes 
and then placed at room temperature for at least 10 minutes. 2.5 fA respectively 
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of A-, C-, G-, and T-mix-short was pipetted to the corresponding tube labelled 
with A, C，G or T. 3 of labelling mix, 1 / i l of [a-^^S]dATP (10 mCi/ml, > 1000 
Ci /mmol) (Amersham SJ304) and 2 /A of diluted T7 D N A polymerase (1.5 
units/jLil, diluted with enzyme diluting buffer) were added to the reaction inkture. 
After mixed well, the reaction mixture was incubated at room temperature for 5 
minutes. A t the same time, the four tubes containing the sequencing mkes were 
prewarmed at 37。C for at least 1 minute. After the 5-minute incubation, 4.5 
of the reaction mixture was transferred into each of the four prewarmed 
sequencing mixes for each sequencing termination reaction. The four tubes were 
incubated at 3TC for 5 minutes. Finally, 5 / i l of stop solution was added into 
each tube to stop the reaction. 
In certain circumstances, however, the D N A fragments did not 
migrate through sequencing gels with expected the progressively decreasing 
mobilities so that band compression resulted. When this occurred, the Deaza 
丁 ^ S e q u e n c i n g Mixes in which c^dGTP substitutes for dGTP in the labelling mix 
as well as the A-，G-, T- and C-mix-short were used. 
2.5.2 DNA Sequencing Electrophoresis 
Running buffer: Ix TBE buffer 
6% urea-polyacrylamide gel (100 ml): 42 g of urea (Molecular 
Biology Reagent, Sigma), 14.5 ml of 40% acrylamide stock solution (38%(w/v) 
acrylamide, 2%(w/v) N，N，"methylene-bisacrylamide) and 20 ml of 5x TBE buffer 
(Appendix A ) were added to 40 ml of water. After the urea had been completely 
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dissolved, the solution volume was made up to 99.2 ml with water. The gel 
solution was then filtered through a minipore filter (pore diameter 0.45 /im) to 
remove any insoluble particles and degassed for 10-15 minutes. Immediately 
before the gel was poured, 0.8 ml of 10% of ammonium persulfate (freshly 
prepared) and 80 of T E M E D (Bio-Rad) were added to the solution. 
The surfaces of a pair of glass plates (20 x 40 cm) were cleaned 
with distilled water and ethanol thoroughly. When the plates were dry, the 
surfaces of the plates to be in contact with the gel were treated with repel-silane 
(dimethyldichlorosilane solution 2%(w/v) in 1,1,1-trichloroethane). A pair of 
spacers 0.4 mm thick was placed between the glass plates. The margins and the 
bottom of the plate sandwich were sealed with tape. Then it was placed in a tray 
at an angle of about 30° and the gel was poured at the top. The gel sandwich 
was laid down and a sample comb was inserted into the top of the gel. The gel 
was allowed to polymerize for at least 1 hour. 
When polymerization was complete, the comb was removed and the 
bottom of the gel was unsealed. After the gel plate had been assembled onto the 
gel tank, the upper and lower buffer reservoirs were filled with Ix TBE buffer. 
The sample wells were rinsed with the buffer thoroughly to remove the 
unpolymerized acrylamide. Then, the gel was pre-run at 1300 V for 1 hour. To 
prepare the sequencing samples，3 /xl of each sequencing reaction mixture was 
heated at 80°C for 2 minutes. Immediately the samples were loaded onto the gel 
with a sequencing pipette (Drummond). The gel was run at 1500 V. 
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As the electrophoresis was finished, the glass plates were 
disassembled and the gel was fixed in 10% methanol/10% acetic acid for 15 
minutes. Then the gel was blotted onto three sheets of 3MM Whatman filter 
paper. A piece of cling fi lm was placed on the surface of the gel and 
subsequently the gel was dried in a gel dryer (Bio-Rad). The gel with the cling 
f i lm removed was exposed to a X-ray fi lm (see Section 2.1.17). 
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CHAPTER THREE 
CONSTRUCTION AND CLONAL SCREENING OF 
cDNA LIBRARY FROM ROOT TUBERS OF 
TRICHOSANTHES KIRILOWn MAXIMOWICZ 
3.1 Introduction 
One strategy towards isolating specific eukaryotic genes is to clone 
a cDNA copy of the messenger RNA (mRNA) transcribed from that gene. Since 
eukaryotic mRNA is normally polyadenylated at their 3，ends during post-
transcriptional modification, poly(A)+ RNA is obtained from an appropriate 
tissue or cell lineage in which the gene product is specifically expressed. The 
poly(A)+ R N A is converted to double-stranded (ds) cDNA through a series of 
enzymatic steps and then cloned into a plasmid or a A bacteriophage vector to 
obtain a library including the genes which are expressed in those cells. 
There are two related issues dominating the strategies for 
constructing cDNA libraries. The first is the relative abundance of the mRNA 
of interest, which can vary over a wide range. Highly abundant messages can 
represent 10% or more the total mRNA, whereas very rare messages can be as 
low as 1 part in 10®. The number of clones required to achieve a given 





where N 二 the number of clones required, P = the probability desired (usually 
0.99)，and f 二 the fractional proportion of the total mRNA that is represented 
by a single type of mRNA. The equation indicates that N is larger if f is smaller. 
Therefore the size of a cDNA library has to be enormous if the abundance of the 
mRNA of interest is low. The second issue is the screening method employed 
for isolating the desired clone. Probes for screening libraries are mainly divided 
into two categories: nucleic acid and antibody probes. An example of nucleic 
acid probes is oligonucleotides synthesized based on the amino acid sequence 
encoded by the desired cDNA. They serve as probes to screen cDNA libraries 
by in situ plaque or colony hybridization. The use of these probes is possible only 
when at least the primary structure of the gene product has been partially known. 
Alternative nucleic acid probes are partially homologous cDNA which are used 
to detect cDNA clones that are related, but not identical, to the probe sequence. 
I f the gene product has been purified, a specific antiserum against the protein can 
be raised to act as an antibody probe. Antibody probes can be utilized when 
cDNA is cloned in an E. coli expression vector (e.g. Agt l l ) . The screening is 
based on that the antibody probe interacts with a fusion protein in which a 
segment of the peptide of interest is fused to a highly expressed and stable E. coli 
protein such as /3-galactosidase. 
Since TCS is synthesized in the root tuber of T. kirilowii Maxim., 
we used the poly(A)+ RNA extracted from root tubers to construct a cDNA 
library for isolating the clone of TCS cDNA. However, the abundance of the 
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TCS mRNA in the tissue is not known. In order to obtain the desired clone from 
the library with high probability, we cloned the cDNA in a A vector. The use of 
a A vector instead of a plasmid vector takes advantage of the high efficiency and 
reproducibility of in vitro packaging of A DNA as a method for introducing 
recombinant DNA into E. coli. Furthermore, the cDNA library would be 
screened with a nucleic acid probe by hybridization. A A vector particularly good 
for this approach is AgtlO (Huynh et aL, 1985). 
The map and genotypes of AgtlO are shown in Figure 3.1 and 
described in Appendix B respectively. AgtlO can accept D N A fragments of up 
to 7.6 kb, assuming a packaging capacity of 105% wild-type length. Usually, the 
size of mRNA ranges approximately from 500 bases to 8 kb and the bulk of the 
mRNA should lie between 1.5 and 2 kb so AgtlO is suitable for cloning most 
cDNA. The unique cloning site of this vector is a single £'coRI site within the 
c l gene which encodes a phage repressor. Such a cl+ vector allowing some 
phages to exist at the lysogenic state forms a turbid plaque. However, the 
insertion of a DNA fragment at the EcoRI site located in the cl gene generates 
a cF phage which forms a clear plaque. Thereby, the recombinant phages can be 
selected genetically based on the appearance of the plaques. A suitable host of 
gtlO for this purpose is E. coli C600 (BNN93) (Appendix B). In hfl (high 
frequency of lysogenization) mutants such as E. coli BNN102 {C600hflA) 
(Appendix B) containing a hflAlSO mutation, the product of the A cU gene 
accumulates to much higher levels than usual, c l l gene product is a positive 
regulator of the cl gene, so that the h f l mutation consequently leads to an 

























































































































































































































































































































































































growth of bacteriophage A is ceased, and the A genome enters the lysogenic stale 
with very high efficiency. However if the cl gene is inactivated by insertion of 
foreign DNA, the growth of the bacteriophage is not restricted in h f l cells and the 
yield of progeny particles is high. This property is extremely useful in clonal 
screening and in amplifying the library since the nonrecombinant AgtlO phages 
in the primary library can be efficiently eliminated. 
3二 Isolation of Total RNA from Root Tubers 
To isolate total RNA of the highest quality, it is necessary to avoid 
degradation of R N A by either cellular RNAases liberated during cell lysis or 
contaminating RNAases in glassware, plasticware and solutions. Therefore, fresh 
root tubers of T. kirilowii Maxim, were used and stored at -70°C until needed. 
In the whole process of homogenization, the tissue was placed in liquid nitrogen. 
The distilled water used for preparing the reagents dealing with RNA was treated 
with diethyl pyrocarbonate (DEPC) (0.1% in water), which is a RNAase inhibitor 
(Fedorcsak and Ehrenberg, 1966)，and then autoclaved. Glassware after 
autoclaved was baked at 150°C for 3 hours. Plasticware filled with 0.1% DEPC 
was incubated at 37°C overnight and then autoclaved. Gloves were worn at all 
times during the experiments. 
Total R N A was isolated from root tubers of T. kirilowii Maxim, as 
described in Section 2.2.1. The alumina powder was added to break the tough 
plant cell wall during grinding the tissue to homogenate. The triisopropyl 
naphthalene sulphonate served as a strong detergent which dissolved lipids and 
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soliibilized cells. It is also a strong RNAase inhibitor. The 々-aminosalicylate 
acted as a chelating agent which inhibited enzymes requiring cations. It also 
solubilized cells. The phenol was used to denature proteins. These substances 
composing the grinding buffer lysed the cells and protected the RNA from 
enzymatic degradation. We found that the RNA obtained after phenol/SDS 
extraction, ethanol precipition in the presence of acetic acid and repeated wash 
with sodium acetate was not pure enough so the crude RNA was further purified 
by CsCl-gradient ultracentrifugation. Since RNA is denser than other 
macromolecules, it was pelleted at the bottom of the centrifuge tube and well 
separated from the contaminating proteins, D N A and carbohydrates. Generally 
3 to 5 mg RNA was isolated from 50 g root tubers (wet weight). The integrity 
of the R N A was checked by denaturing agarose gel electrophoresis (Section 
2.2.2). Figure 3.2 shows 10 fig of total RNA electrophoresed through an 1.4% 
agarose gel containing formaldehyde. The two bands of 25S (3.9 kb) and 18S 
(2.1 kb) plant rRNAs could be clearly seen and other RNAs, mainly mRNAs, of 
various sizes were present. There were RNA bands additional to those of rRNA, 
indicating that RNA of certain lengths were abundant in the root tuber. A l l 
these observations proved the integrity of the isolated RNA. The RNA could 
then be used for oligo(dT)-cellulose chromatography. 
3.3 Purification of Poly (A) ^  RNA from Total RNA 
The poly(A)+ RNA was separated from the rest of RNA (mainly 
ribosomal RNA and transfer RNA) by making use of the polyadenylated 3，end 
on the eukaryotic mRNA (Edmonds et aL, 1971; Aviv and Leder, 1972). After 
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(3 .9 'kb) 
rRNA 
1 
f igure 3.2. Total RNA extracted from the root tuber of T, kirilowii Maxim, was 
fractionated through an 1.4% agarose gel containing formaldehyde by 
electrophoresis. ^ 
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the total RNA had been denatured to expose the poly(A) tails, it was passed 
through an oligo(dT)-cellulose column, the poly(A)+ RNA was bound onto the 
column matrix by A:T pairing with the remainder washed through. The poly(A) + 
RNA was then eluted by removing sodium chloride from the solution, thus 
destabilizing the dT:rA hybrid. In order to remove contaminating poly(A)" RNA 
as completely as possible, the eluted poly(A)+ RNA was passed through the 
column again. Finally the poly(A)+ RNA in the eluate was concentrated by 
ethanol precipitation. Usually 0.5% total RNA was recovered in the form of 
poly(A)+ RNA. 
3.4 Northern Blot Analysis of the Poly(A)+ RNA 
The existence and the integrity of the poly(A)+ RNA species of 
interest were checked by Northern hybridization as described in Section 2.1.16. 
The probe employed for the hybridization was the 0.73-kb 3'-segment of the 
cDNA of a-momorcharin (a-MMC) and denoted as MMC41 (Figure 3.3). Since 
the deduced amino acid sequence of MMC41 (Liu, 1989) is highly homologous 
with the determined sequence of TCS (Wang et aL, 1986) (Figure 3.4), we 
presumed that MMC41 also has a high degree of homology with the mRNA of 
TCS and hence can specifically hybridize with the poly(A)+ RNA of interest. 1 
Mg and 2 fig of the poly(A)+ RNA were electrophoresed through an 1.4% agarose 
gel containing formaldehyde. Then the RNA was transferred and fixed onto a 
sheet of nitrocellulose filter by Northern blotting. The Northern blot was 
prehybridized in prehybridization solution at 50°C overnight to block the nucleic 
acid binding sites on the filter to minimize background. Then the filter was 
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Figure 3.3. , 
A. Schematic representation of MMC41 and MMC412. The latter is the 
smaller fragment resulting from EcoRL and Pstl digestion of MMC41. 
B . Nucleotide sequence of MMC41. The sequence of MMC412 is underlined. 
(Modified from Liu, 1989) 
73 
86 TSYFFNEASATEAAKYVFKDAMRKVTLPYSGNYERLQTAAGGLRENIPLG 136 
1 PSYFFNEPAAELASQYVFRDARRKITLPYSGNYERLQIAAGKPREKIPIG 50 
137 LPALDSAITTLFYYNANSAASALMVpiQSTSEAARYKFIEQQIGSRVDKT 186 
51 LPALDSAISTLLHYDSTAAAGALLVLIQTTAEAARFKYIEQQIQERAYRD 100 
187 FLPSLA 工工 SLENSLWLALSKQIQIASTNNGTFESPWLINAQNQRNNMA 23 4 
101 EVPSLATISLENS . WSGLSKQIQLAQGNNGIFRTPIVLVDNKGNRVQIT 14 8 
Figure 3.4. Comparison of the amino acid sequence of TCS3g_234 (Wang et al, 
1986) with the carboxyl-terminal amino acid sequence of a-momorcharin encoded 
by MMC41. (After Liu, 1989) 
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hybridized with the probe, which had been ^^P-labelled as described in Section 
2.1.12，at 50°C overnight (Section 2.1.17). Non-specifically bound probe DNA on 
the filter was removed by highly stringent wash (0.5X SSC and 0.1% SDS) at 
45OC The autoradiogram of the Northern hybridization (Figure 3.5) shows one 
band in each lane. The intensity of the bands was proportional to the amount 
of poly(A)+ R N A used. The result indicated that the mRNA of interest was 
present in the poly(A)+ R N A preparation in an intact form. 
3.5 In Vitro Translation of the Poly(A)+ RNA 
The biological activity of the poly(A)+ R N A was accessed by in 
vitro translation in rabbit reticulocyte lysate as described in Section 2.2.4. The 
positive control was tobacco mosaic virus (TMV) RNA. The incorporation of 
；^S]-methionine in the presence of 2 /ig poly(A)+ R N A was 10.6 times that of 
the blank control (data not shown). The radioactive in vitro translation products 
were subject to SDS-polyacrylamide gel electrophoresis and then to 
autoradiography according to the procedures described in Section 2.2.5. Figure 
3.6 shows the electrophoretic profiles of the translation products in the 
reticulocyte lysate in the presence of the poly(A)+ R N A (lane A) and in the 
absence of exogenous R N A (lane B). The arrow in the figure indicates the 
position corresponding to TCS which was run in the same gel. The translation 
products of the poly(A)+ R N A of various molecular weights were synthesized 
and some fell in the region of TCS. A l l the experimental results confirmed the 




Figure 3+.5. Northern hybridization of 1 fig (lane 1) and 2 /ig (lane 2) of the 





— 9 4 
^ ^ , 6 7 
〜 4 3 
• — 3 0 
TCS -
i 2 0 
J , 、 4 . 4 
•i 
i 
Figure 3.6. Autoradiograph of the electrophoretic profiles of the in vitro 
translation products. Lane A, translation products in the rabbit reticulocyte lysate 
in the presence of 2 /ig of the poly(A)+ RNA isolated from the root tuber of T. 
kirilowii Maxim.; lane B, translation products in the absence of exogenous RNA. 
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3.6 cDNA Synthesis 
The synthesis of the first and second strands of the cDNA was 
performed as described in Section 2.2.6. The basis of double-stranded cDNA 
synthesis is schematically represented in Figure 3.7. Briefly, the first strand 
cDNA was primed with oligo(dT) primers and synthesized by a reverse 
transcriptase purified from an avian retrovirus using the poly(A)+ RNA as 
templates. To minimize the deleterious effects of RNAases that might 
contaminate the solution or reagents used for the synthesis of the first strand of 
cDNA, a potent protein inhibitor of RNAase, purified from human placenta, was 
included in the reaction (de Martynoff et aL, 1980). RNAase binds noncovalently 
to this protein to form an enzymatically inactive complex consisting of equimolar 
quantities of RNAase and inhibitor (Blackburn and Jailkhani, 1979). Second 
strand synthesis was performed using the poly(A)+ R N A / D N A hybrids as 
substrates. E. coli ribonuclease H (an endoribonuclease which digests RNA in 
an R N A / D N A hybrid only) was utilized to produce nicks and gaps in the RNA 
strand. This provided efficient primers with 3，〇H for E. coli D N A polymerase 
I to replace the RNA strand by DNA in a nick translation type reaction. Then 
T4 D N A polymerase was used to remove any small 3'-overhangs on the first 
strand cDNA with its 3，—5，exonuclease activity and fi l l in recessed 3'-hydroxyl 
termini with its polymerase activity whereby blunt-ended cDNA was prepared. 
About 8 Jig ds-cDNA was synthesized from 10 fig poly(A)+ RNA. Figure 3.8 
illustrates the resulting ds-cDNA. The majority of the cDNA products were 
between 0.9-1.8 kb in a population ranging from 0.5-6 kb in size. 
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Figure 3.7. Synthesis of ds cDNA. 
A. Synthesis of the first strand of cDNA using an oligo(dT) primer and 
reverse transcriptase, 
B. Replacement synthesis of the second strand of ds cDNA. 
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Figure 3.8. Double-standed cDNA synthesized with the poly(A) + RNA isolated 
from the root tuber of T. kirilowii Maxim, as templates was electrophoresed 
through an 1.2% agarose gel. Lane 1，DNA marker; lane 2, 1.5 jig ds cDNA; 
lane 2, 2 fig ds cDNA. 
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3.7 Southern Blot Analysis of the cDNA 
It was desired to estimate the size of the cDNA of interest so the 
ds-DNA was subject to Southern blotting and hybridization as mentioned in 
Section 2.1.16. The probe used was a 120-bp EcoKl-Pstl fragment of MMC41 
called MMC412 (Figure 3.3). The ds-cDNA fractionated in an 1.2% agarose gel 
was alkaline-denatured and blotted onto a sheet of nitrocellulose filter by 
capillary transfer. After the cDNA was permanently fixed on the filter by baking 
at 65°C in an vacuum oven for 2 hours, the filter was prehybridized and then 
hybridized with the ^^P-labelled probe at 42。C overnight. Finally it was washed 
at conditions of increasing stringency. The autoradiogram (Figure 3.9) shows a 
broad cDNA band at about 1.2 kb. This reflected that the size of our target 
cDNA was more or less 1.2 kb. 
3.8 Addition of jE 'coRI Cohesive Termini to the cDNA 
The scheme for cloning the cDNA in AgtlO was illustrated in Figure 
3.10. At first, the internal ^coRI sites, in the cDNA were protected by 
methylation using £"coRI-methylase (Section 2.2.7). The blunt-ended cDNA 
molecules were then incubated with a very large molar excess of phosphorylated 
8-mer EcoRl linker molecules in the presence of bacteriophage T4 DNA ligase. 
The products of the reaction were cDNA molecules carrying polymeric linker 
sequences at their termini. These molecules were cleaved at the jE^coRI site in 
the linker by EcoRl to generate cohesive ends which were compatible with the 
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Figure 3.9. Southern hybridization of 1.5 /ig (lane 1) and 2 /xg (lane 2) of the 
ds cDNA converted from the poly(A)+ RNA isolated from the root tuber of T. 
kirilowii Maxim. The probe used was MMC412. 
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Figure 3.10. Scheme for cloning the ds cDNA in ；igtlO. 
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3.9 Removal of Excess JEcoRl Linkers and Size Fractionation of tlie 
cDNA 
Without any enrichment, the frequency of a desired sequence in ds-
cDNA is the same as that in the initial poly(A)+ RNA population from which the 
cDNA is synthesized. If the frequency of the target cDNA is low, it is necessary 
to construct and screen a library that contains several mill ion independent cDNA 
clones. The necessity of constructing enormous cDNA libraries adds difficulty in 
cloning. Moreover, screening large numbers of cDNA clones is both tedious and 
expensive. Various methods have therefore been devised to enrich the starting 
population of mRNA or ds cDNA synthesized from it for the sequences of 
interest. In cloning the cDNA of TCS, the cDNA was size fractionated and 
excess linker molecules were removed in a single step by running the reaction 
mixture resulting from Section 3.8 over a Sepharose CL-4B column. The column 
was calibrated and the cDNA was size fractionated according to the methods 
described in Section 2.2.9. Knowing that TCS consists of 234(233) amino acids 
(Wang et a l , 1986), we predicted that the cDNA of TCS including a nucleotide 
sequence of 702 bp encoding the mature protein together with a predicted signal 
peptide about 15-30 amino acids long and other flanking sequences was larger 
than 1 kb in size. In addition the Southern blot analysis of the cDNA revealed 
that the cDNA of interest was about 1.2 kb. However full-length cDNA might 
not be abundant in the cDNA preparation so it was better to clone smaller 
cDNAs as well to include the incomplete sequences of the desired cDNA in the 
library. Therefore, the cDNA above 0.6 kb through the column was collected for 
cloning. Column calibration using [扔S]-DNA marker indicated that the cDNA 
larger than 0.6 kb would be eluted in the 15th to 19th fractions so these fractions 
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were pooled together. The cDNA recovered by ethanol precipitation was ready 
for cloning. 
3.10 Ligation of the Size Fractionated cDNA with digested XgtlO 
and In Vitro Packaging of the X Hybrids 
In order to minimize re-formation of the vector by self-ligation, 
leading to unacceptably high backgrounds of nonrecombinant clones, 
commercially available dephosphorylated AgtlO arms were employed. Before a 
large scale reaction was performed, a series of trial ligations in which the molar 
concentration of the vector remained constant while the amount of insert cDNA 
varied was proceeded to determine the optimal ligation conditions. Then 35% 
amount of the size fractionated cDNA was ligated to 1.5 ^g AgtlO arms in the 
large scale reaction described in Section 2.2.10. The recombinant A DNA was 
finally packaged in vitro (Section 2.2.11). The cDNA library was stored in 0.5 ml 
of SM containing a few drops of chloroform at 4°C. 
The size of the cDNA library in gtlO and the fraction of 
recombinant phages (clear plaque-forming) in the library were determined by 
plating out 0.2%, 0.02% and 0.002% the library using C600 and BNN102 as hosts. 
The operations were carried out according to the methods given in Section 2.2.12. 
By counting the number of clear plaques formed in BNN102, the library was 
known to contain 4.9 x 10^ recombinants which were about 40% of the total p.f.u. 
in the library. 
3.11 Analysis of cDNA Inserts 
85 
To ascertain that the clear plaque-forming phages contain inserts, 
phage lysate DNAs from 17 independent clear plaque-forming clones were 
miniprepared according to the method described in Section 2.1.8 and their 
restriction digestion patterns were analysed. Since the insert D N A was cloned 
in the unique EcoRl site of 入gtlO，it would be released from the vector arms as 
the hybrid 入 D N A was cleaved with JEcoRI. The £'coRI-cut X DNAs of the 17 
clones were end-labelled with pp j -dATP using Klenow fragment of 五.coli D N A 
polymerase I to visualize small fragments. The autoradiogram (Figure 3.11) of 
the electrophoresed J^coRI-cut 入 DNAs seems to show that only 3 of the 17 clear 
plaque-forming clones contained inserts. This phenomenon may be explained by 
cloning polymeric linker molecules in the vectors. The linker molecules were 
added in large molar excess to the cDNA for the blunt-end ligation because of 
the low efficiency of the reaction. Therefore several linker molecules were 
ligated with each other to form polymeric linker molecules in the reaction. It was 
possible that these molecules were not completely broken down by the 
subsequent EcoRl treatment. The linker polymers with JEcoRI cohesive termini 
larger than 0.6 kb would be retained in the fractions containing the cDNA for 
cloning after passing through the Sepharose CL-4B column, and then cloned into 
入gtlO. However as the recombinant 入 DNAs containing such polymeric linker 
inserts were extensively treated with EcoFJ, the inserts would be broken down 
into their monomers which were so small that they were run out of the gel and 
could not be visualized in the autoradiogram. As a result, the analysis of the 
restriction digestion pattern of the recombinant 入 DNAs revealed that only a 
small fraction of the recombinants in the library contained cDNA inserts. • 
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Figure 3.11. Electrophoretic profiles of the BcoRI-cut A DNAs of 17 
independent clones in the cDNA library. Lane 1-17，end-labelled BcoRI-cut A。 
DNA5； lane M, end-labelled xHindUl marker. ” 
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3.12 Clonal Screening of the cDNA Library 
The above observation indicated that only about 8.6x10^ 
recombinants in the library contain cDNA inserts. However, since the mRNA 
of TCS should not be rare in the root tuber and the desired cDNA had been 
enriched by size fractionation, the library may be large enough to include the 
desired clone(s). Thus, we decided to carry out the screening for the clones with 
TCS cDNA. To screen the library with MMC412 as a probe, small liquots of the 
phage mix were plated on the /z/L4150 host BNN102 (C6OO/2/Z) (Appendix B) on 
LB plates to prepare plaque filter replicas as described in Section 2.3. Initially 
the library was screened at plaque density of 1x10^ per 90-mm plate. 
Consequently, we found that the number of positive signals was so large that 
individual positive clones could not be isolated without contamination with 
phages from neighbouring positive clones. Therefore, the library was re-plated 
at lower plaque densities of 1x10^ or 5x10^ per 90-mm plate. Among 6x10^ 
recombinants, 51 putative positive signals were identified. We selected 11 signals 
which were well separated from neighbouring plaques to be subject to clonal 
purification. After the phages with positive signals were plated out at low density 
(50-100 per 90-mm plate) twice (a well isolated positive plaque for each clone in 
the first plating was picked out for the second time of clonal purification), all 
plaques gave a positive signal. The 11 authentic positive clones were then 
characterized by restriction digestion pattern analysis and Southern blot analysis. 
3.13 Characterization of Positive Clones 
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The recombinant 入 DNAs obtained from the 11 positive clones 
were treated with EcoRl and the EcoRI-cut DNAs were end-labelled with 严P -
dATP. The radioactive DNAs were run through an 1.2% agarose gel and their 
restriction digestion patterns were visualized by autoradiography. Figure 3.12 
illustrates that insert fragments could be recovered from six (入TCS412，ATCS462, 
入TCS472，ATCS482,入TCS492 and 入TCS502) among the 11 clones after EcoRl 
cleavage but no observable inserts from the others. Among the six clones, only 
入TCS462 contained an insert with internal EcoRI sites since its insert was shown 
as four bands in the autoradiograph (Figure 3.12). To ascertain whether the six 
clones and the remainder really contained the cDNA inserts of interest, the 
restricted 入 DNAs were analysed by Southern blotting and hybridization. Since 
there are two N ihd l l l sites flanking the £'coRI-insertion site of 入gtlO，the foreign 
D N A should be included in the Hindlll fragment i f a AgtlO hybrid is cut with 
Hindlll. Therefore, the 入 DNAs of the positive clones were separately digested 
with Hindlll and 五coRI; the digested DNAs were electrophoresed through a 
0.8% agarose gel. Southern blotting and hybridization of the DNAs were 
performed according to the procedures described in Section 2.1.16. MMC412 was 
adopted as a probe and the hybridization temperature was 42。C. The results of 
the Southern hybridization are shown in Figure 3.13. A l l the HindUl-cm 入 DNAs 
had a band at similar positions (Figure 3.13B). This meaned that all these clones 
had accommodated cDNA inserts of interest with similar sizes. On the other 
hand, when examining the Southern hybridization patterns of £*coRI-cut 入 DNAs 
(Figure 3.13A), we found that the inserts of the clones XTCS412,入TCS472， 
入TCS482，入TCS492 and 入TCS502 were released from the vector and hybridized 
with the probe. However the remainder was shown to has one of their vector 
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Figure 3.12. Electrophoretic profiles of the £"cc»RI-ait A DNAs of the 11 positive 
clones. Lane 1，ATCS412; lane 2, ATCS422; lane 3，ATCS432; lane 4 ATCS442. 
lane 5，ATCS452; lane 6，ATCS462; lane 7，ATCS472; lane 8, ATCS482- lane 9， 
ATCS492; lane 10, ATCS502; lane 11，ATCS512; lane M，AHindUI m a r k e r . ， 
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Figure 3.13. Southern hybridization of A.五coRI-cut and B. /fzn^illl-cut A DNAs 
of the 11 positive clones. The probe used was MMC412. Lane 1，ATCS412; lane 
2, ATCS422; lane 3，ATCS432; lane 4，久TCS442; lane 5，义TCS452; lane 6， 
ATCS462; lane 7，入TCS472; lane 8，入TCS482; lane 9，入TCS492; lane 10, 
ATCS502; lane 11，A.TCS512; lane M, D N A marker. ’ 
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amis hybridized with the probe. The latter findings ensured that these six clones 
really contained positive cDNA inserts but the inserts could not be excised by 
cleaving the recombinant 入 DNAs with EcoRl. It should be noted that the four 
insert fragments resulting from 五coRI-digested 入TCS462 shown in Figure 3.12 
could not hybridize with the probe but one of the vector arms could (Figure 
3.13A). Such a result implicated that other irrelevant cDNA fragments were 
ligated with the cDNA of interest and they were altogether cloned in the vector. 
Because of failing to recover the inserts of the six clones by 五coRI treatment, 
it was inconvenient to use these clones for further studies. The other five 
positive clones containing inserts ranging from about 1 to 1.3 kb could be 
divided into two groups according to their insert sizes. The first group consisting 
of ATCS412, ATCS472 and ATCS492 had smaller inserts, while the second group 
including 入TCS482 and XTCS502 had larger inserts. Consequently, ATCS482 and 
XTCS502 were selected for DNA sequencing because they had higher probability 
of possessing the full-length cDNA of interest. 
3.14 Subcloning Positive Inserts into pUC18 
The insert fragments of the bacteriophage 入 clones ATCS482 and 
入TCS502 were cut off from the vector with JECORL Then the insert DNAs 
separated from the vector arms by agarose gel electrophoresis were recovered 
with the Geneclean Kit. The procedures were described in Section 2.1.7. On the 
other hand, closed circular pUC18 was linearized by EcoRl treatment and the 
linearized plasmid was dephosphorylated with calf intestinal alkaline phosphatase 
to minimize re-formation of the plasmid during the subsequent ligation with the 
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insert fragments (Section 2.4.1). The inserts were ligated to the dephosphorylated 
EcoRl-cut pUC18 according to the protocol mentioned in Section 2.4.2. 
Competent E. coli JM109 prepared as described in Section 2.1.11 was 
transformed with the recombinant plasmids (Section 2.1.11). Since the EcoRl site 
of pUC18 is located at the polycloning region lying immediately downstream 
from P ^ of the ^-galactosidase gene (lacZ) (Figure 3.14)，insertion of a foreign 
DNA fragment into the EcoRl site results in the production of a non-functional 
^-galactosidase. Therefore, bacteria carrying recombinant plasmids can be 
selected against those with nonrecombinant plasmids by formation of white 
colonies on LB plates containing the LacZ gene inducer IPTG and the 
chromogenic substrate X-gal which can form a blue product under the action /3-
galactosidase in nonrecombinant clones. The recombinant colonies resulting from 
subcloning the positive inserts were streaked on ampicillin-contaiiiing LB plates. 
Subsequently the plasmids of some of these clones were extracted as described 
in Section 2.1.9 and analysed by ^coRI digestion to confirm whether the 
recombinant plasmids carried the appropriate inserts. Consequently, two clones 
denoted as pTCS48210 and pTCS5021 derived from 入TCS482 and XrCS502 
respectively were chosen for DNA sequencing and further manipulation. The 
insert sizes of pTCS48210 and pTCS5021 were 1.32 kb and 1.28 kb respectively 
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Figure 3.15. Electrophoretic profiles of the £'ccRI-cut pTCS48210 (lane 1) and 
pTCS5021 (lane 2). The bands at 1.32 kb and 1.28 kb represent the cDNA 
inserts in pTCS48210 and pTCS5021 respectively. Lane M, 123 base pair ladder 
marker. 
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The most difficult step in cloning the cDNA of TCS was extraction 
of total RNA with satisfactory purity from the root tuber of T. kirilowii iMaxim. 
The first problem encountered in the RNA extraction was the poor yield which 
was as low as 3-5 rag from 50 g root tuber. The low yield could be mainly 
attributed to inefficient grinding in a mortar with a pestle owing to the hardness 
of the frozen tubers. The method described in Ausubel et al (1988) may be a 
better choice. The protocol suggests that the plant tissue for RNA extraction 
should be ground into fine powder first with a pestle in a mortar containing a 
little liquid nitrogen. Then the powder was homogenized with a pre-cooled 
Polytron in the presence of grinding buffer. In addition, root tuber is a 
specialized organ for nutrient storage in plant so it contains a lot of 
carbohydrates, proteins and other metabolites which essentially contaminate the 
total RNA preparation. In this study, we found that the poly(A)+ RNA which 
was selected from the total RNA obtained after removal of proteins by 
phenol/SDS extraction, selective RNA precipitation with cold ethanol and acetic 
acid and repeated wash with acidic sodium acetate was inefficiently expressed in 
the cell-free traslation system. The quality of the poly(A)+ RNA was not 
satisfactory for cDNA synthesis. We suspected that the enzymatic reactions were 
inhibited by the impurities originated from the root tuber and the chemicals used 
for R N A extraction. Therefore the crude total RNA was further purified by 
CsCl-gradient ultracentrifugation. The resulting RNA had good integrity and the 
poly(A)+ RNA purified from it could be efficiently translated in vitro in rabbit 
reticulocyte lysate. 
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The method used for second strand cDNA synthesis in this study 
was modified from that introduced by Okayama and Berg (1982) and Gubler and 
Hoffman (1983). The reaction makes use of RNAase H which produces nicks 
and gaps in the RNA strand of the cDNA:mRNA hybrid, creating a series of 
RNA primers that are used by E, coli D N A polymerase I during the synthesis of 
the second strand of cDNA. It offers an advantage over the hairpin loop-primed 
second strand synthesis because it eliminates the need to use nuclease SI to 
cleave the single-stranded hairpin loop in the double-stranded cDNA - a reaction 
that is difficult to control and frequently results in a great loss of cDNA. 
Therefore, the resulting cDNAs from a replacement synthesis of the second-
strand cDNA are often very nearly full-length, lacking only a few nucleotides 
corresponding to the S'-terminus of the mRNA. 
The cDNA library in AgtlO constructed in this study contained 4.9 
X 10^ recombinants. The library was only medium in size. However, since the 
cDNA of interest ligated to the vector had been enriched by size selection and 
the mRNA of TCS should not be rare, if not abundant, in the root tuber in which 
TCS is specifically expressed, such a medium-sized library should be large enough 
to include cDNA clones of TCS. The result of screening the library showed that 
about 0.85% recombinants gave a positive signal. When the recombinant 入 
DNAs of 11 positive clones were cut with E'coRI to recover their foreign DNA 
inserts, six of them had their inserts attached to one of the two vector arms. The 
results implied that in these clones one of the EcoRl sites at the junction between 
the insert and the vector arms was altered. I t was suspected that this 
phenomenon resulted from a small sequence change at some 3，ends of the XgtlO 
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arms during alkaline phosphatase treatment. If the change did not affect the 
annealing of the protruding ends of the vector arms with those of the foreign 
D N A fragments, a recombinant 入 genome would still be formed. Although a 
nick or gap might exist at the insertivector junction in these recombinant 久， i t 
would be repaired as the phages replicated in their hosts. As a result, the 入 
D N A could not be cleaved by 五coRI at the mutated 五coRI site. 
Analysis of the positive inserts revealed that no internal £"coRI and 
HindUl sites were present in the cDNAs of interest because single bands of insert 
DNAs were shown in the Southern hybridization of the EcoRI- and HindUL-cui 
入 DNAs from the 11 positive clones.' Absence of EcoRl site in the positive 
inserts rendered subcloning the fragments in their original lengths more 
convenient. Furthermore, the sizes of these cDNAs also consistent with those 
indicated by Southern hybridization of the ds cDNA with MMC412. 
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CHAPTER FOUR 
DNA SEQUENCING OF POSITIVE CLONES 
4.1 Introduction 
For many recombinant D N A experiments, knowledge of the D N A 
sequence of the gene of interest is a prerequisite for further manipulation. D N A 
sequencing followed by computer-assisted searching for restriction endonuclease 
cleavage sites is often the fastest method for obtaining a detailed restriction map. 
Computer-assisted identification of protein coding regions (open reading frame, 
or ORFs) followed by computer-assisted homology searches of D N A and protein 
data bases can lead to important insights about the structure and function of a 
cloned gene and its protein product. Therefore, after we had identified the 
positive 入 clones，two of them were subcloned into pUC18 and sequenced in 
order to ultimately confirm that the cloned sequences were the cDNA of TCS. 
In the present study, we adopted a technique modified from the 
Sanger dideoxy-mediated chain-termination method (Sanger et a l , 1977) to obtain 
the insert sequences of pTCS48210 and pTCS5021. Briefly, the Sanger method 
utilizes E. coli D N A polymerase I to synthesize a complementary copy of a single-
stranded D N A template from an oligonucleotide primer annealing to the 
template DNA. The key point of this method is the ability of the enzyme to use 
2，，3，-dideoxynucleotides (ddNTPs) as substrates. When a dideoxynucleotide is 
incorporated at the 3’ end of the growing chain, chain elongation is terminated 
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selectively at various G, A, T or C because the newly synthesized chain now lacks 
a 3'-hydroxyl group. The radiolabelled primer extended oligodeoxynucleotides 
which selectively incorporate a G, A, T or C analog at their 3’ ends are 
electrophoresed on adjacent lanes in a denaturing polyacrylamide gel. The 
electrophoresis is capable of resolving the single-stranded oligodeoxynucleotides 
which differ in size by a single deoxynucleotide. Therefore, the DNA sequence 
can be read directly from the autoradiograph of the gel. In our study, the 
dideoxy-mediated sequencing was performed on denatured plasmid templates 
(Chen and Seeburg, 1985; Hattori and Sakaki, 1986; Mierendorf and Pfeffer, 
1987) instead of single-stranded templates cloned in M13 vector. We used 
denatured plasmid templates for sequencing mainly because such a strategy 
avoids subcloning the fragments to be sequenced into M13 vector and time could 
be saved. Moreover, plasmid DNA is more easily to be handled and plasmid 
clones are usually more stable than M13 clones. However, denatured plasmid 
sequencing also has drawbacks. For example, double-stranded sequencing can 
obtain up to 250 nucleotides of virgin sequence per reaction set while it is 
possible to read up to 500 nucleotides by single-stranded sequencing. In addition, 
the Klenow fragment of E. coli DNA polymerase I is sensitive to contaminants 
in many plasmid preparations and is unable to extend growing chains for long 
distances. Recently, modified T7 DNA polymerase developed to replace Klenow 
fragment in dideoxy sequencing can help solve this problem. Advantages of 
modified T7 D N A polymerase over Klenow fragment include: (1). Modified T7 
D N A polymerase synthesizes DNA by a highly processive mechanism (Tabor and 
Richardson, 1987). High processivity is advantageous because all newly 
synthesized D N A strands elongating from a primer terminate only when a 
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dideoxynucleotide is incorporated. This reduces the signal-to-noise ratio in the 
sequencing gel since there is a relatively low background of inappropriately 
terminated chains in each of the sequencing lanes. (2). Modified T7 DNA 
polymerase incorporates cldNTPs at about the same efficiency as deoxynucleotides 
while Klenow fragment has a several-thousand-fold preference for a dNTP over 
the corresponding ddNTP. It is unnecessary to prepare reaction mixtures 
employing higher ratios of ddNTPs to dNTPs when modified T7 DNA 
polymerase is used. (3). Klenow fragment does not incorporate ddNTPs at each 
position of a D N A sequence with equal efficiency. As a result, neighbouring 
bands in the same lane in Klenow fragment-generated sequencing gel can differ 
by as much as 50-fold in intensity. In contrast, the radioactive intensity of 
adjacent bands are much more uniform with modified T7 D N A polymerase, 
having at most a 2- to 3-fold difference in intensity. In order to exploit the 
unique properties of modified T7 DNA polymerase, the protocol using T7 
polymerase differs from that using Klenow fragment. The procedure of using 
modified T7 D N A polymerase for denatured-plasmid sequencing followed in this 
study is outlined as follows and schematically illustrated in Figure 4.1. 
A t first, the double-stranded plasmid D N A was alkaline-denatured 
followed by neutralization and ethanol precipitation. In annealing reaction, an 
appropriate primer was allowed to bind to the denatured plasmid template. Then 
the subsequent sequencing reaction, which was essentially different from that 
using Klenow fragment in which a single step of chain-extension/chain-
termination was involved, was divided into two steps. The first labelling reaction 
was carried out for each template. In this reaction, limiting concentrations of 
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The newly synthesized chains terminated when a ddNTP was incorporated 
in place of the normal dNTP 
Denatured and separated fragments of radiolabelled DNA by electrophoresis 
Figure 4.1. Schematic illustration of DNA sequencing on double-stranded 
plasmid templates using T7 DNA polymerase. 
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dNTPs (including one radiolabelled clNTP which was [^^S]dATP in the present 
study) were used to extend the primer by an average of 25 nucleotides at room 
temperature. The second step of the sequencing reaction was a set of four 
termination reactions each involving ddGTP, ddATP, ddTTP or ddCTP. In the 
reactions, the radiolabelled chains were rapidly extended and then terminated by 
incorporation of a corresponding ddNTP. Then, the products of the sequencing 
reactions were separated by electrophoresis through denaturing polyacrylamide 
gels. The detailed procedure is described in Section 2.5. In certain 
circumstances, compressions, in which bands in a particular location within the 
gel are crowded together, result in unreadable sequence. These are gel artifacts 
caused by short stretches of dyad symmetry, especially those GC-rich sequences, 
at the y terminus of the radiolabelled strand. This problem can be solved by 
substituting the base analog 7-deaza dGTP (c^-dGTP) for dGTP in the 
sequencing reaction. This analog and C form base pairs which are less stable 
than G-C base pairs. Thereby, it is less likely to form intra-strand secondary 
structures which cause compressions. Therefore in this study, we utilized c^-
dGTP instead of dGTP in the sequencing reactions whenever compressions made 
sequence reading difficult. 
Since the purity of plasmid templates is critical to obtaining good 
quality of sequence, it is advisable to purify the plasmids by equilibrium 
centrifugation in CsCl-ethidium bromide gradients or by precipitation with 
polyethylene glycol. However, these methods are time-consuming so alternative 
methods involving the use of ion-exchange chromatography have been developed 
to obtain plasmid DNA of high quality. In this study, we used a commercially 
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available ion-exchange column QIAGEN PACK-100 to carry out the work. 
4J2 Sequencing Strategies 
Before sequencing the cDNA inserts ofpTCS48210 and pTCS5021, 
we mapped the inserts by electrophoresing the fragments resulting from cleaving 
the plasmids with various restriction endonucleases. The restriction sites on the 
two clones were found to be located at the same positions and the sites relevant 
to the sequencing are shown in Figure 4.2. Since the cDNA inserts at their 3， 
ends have a poly(A) tail which forms complex secondary structures severely 
impeding the progress of the DNA polymerase, they could not be sequenced 
bidirectionally. In addition, the orientation of the insert in pTCS48210 relative 
to the polycloning sites of pUC18 was opposite to that in pTCS5021. Therefore, 
the strategies adopted for sequencing the two clones were different and will be 
described separately in the following sections. 
42.1 pTCS48210 Sequencing 
The poly(A) tail of the cDNA insert in pTCS48210 lies immediately 
downstream from the polycloning sites of the vector. The insert fragment was 
sequenced in five independent sequencing reactions. The five stretches of 
sequences are schematically illustrated in Figure 4.2 and the sequencing strategy 
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Figure 4.2. 
A. Schematic diagram of the EcoRl insert in pTCS48210 and pTCS5021. The 
positions of restriction sites relevant to the sequencing are noted. The 
orientation relative to the Primer A, B and C priming sites in the insert 
is also indicated by arrows. The sequenced region encoding the TCS 
precursor is boxed. 
B. D N A sequencing strategies on (i) pTCS48210, and (ii) pTCS5021. The 
arrows indicate the direction and approximate length of sequences read 
from the ends of the primers used. 
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pTCS48210 was first cleaved with EcoRV and Smal. The insert had 
no Smal cleavage site but there was one in the polylinker region of the vector. 
The double digestion resulted in deletion of the fragment between the Smal site 
and the EcoRV site near the 5’ end of the sense strand of the cDNA (Figure 4.2). 
The blunt ends of the linear deleted plasmid was re-ligated. After transformation 
and purification of the plasmid, the deleted insert was sequenced in the anti-
sense direction by using a 17-mer universal primer (5 'd[GTAAAACGACGGC 
CAGT] -3，）which annealed to the polylinker. 
Sequence # 2 
pTCS48210 was cleaved at the BamHl and Sphl sites in the 
polylinker. As a result, the linearized plasmid was given a recessed 3，terminus 
near the insert and a protruding 3，terminus far from the insert. Then 
exonuclease I I I was used to remove 5' mononucleotides from the recessed 3'-
hydroxyl terminus in a period of 9 minutes. The protruding 3，terminus was 
resistant to the activity of the enzyme so the digestion only proceeded 
unidirectionally away from the site of cleavage into the insert. The exposed 
single strands were removed by digestion with nuclease SI, and the DNA was 
then recircularized. The deletion mutants were transformed and the resulting 
clones were selected based on their insert sizes. Consequently, a deletion mutant 
losing approximately 950 bases from the 3’ terminus of the original cDNA insert 
was chosen for obtaining sequence #2. The same universal primer was used for 
this sequencing reaction. 
Sequence #1 
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The O.S-kb ^a/I-fragment cleaved between the unique SaL\ site in 
the cDNA insert and the Sail site in the polylinker was subcloned into pUC18. 
The fragment in the subclone was so oriented that the Sail site of the cDNA 
was near the universal primer priming region. Therefore the sense strand was 
sequenced using the primer in the direction towards the 3’ end of the transcript. 
Sequence #4 
A synthetic 19-mer oligonucleotide, primer A (5，-
d[GAAAGTCCTGTTGTGCTTA]-3') (Figure 4.2) was used to prime the sense 
strand. The stretch of sequence passed through the translation termination codon 
of the appropriate open reading frame (ORF) so the sequencing stopped here. 
Sequence #5 
Another synthetic 18-mer oligonucleotide, primer C (5，-
d[TCCCAATTTGTTGCTCAA]-3，）(Figure 4.2) was used to prime the antisense-
strand synthesis to obtain sequence #5. 
4.2.2 pTCS5021 Sequencing 
In contrast to pTCS48210, the 5' terminus of the sense strand of the 
cDNA insert lies immediately downstream from the polylinker of the plasmid. 
The sequence was obtained by connecting four stretches of overlapping sequences 
(Figure 4.2). The strategies for their sequencing are as follows: 
Sequence #1 
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The cDNA insert of pTCS5021 was directly sequenced by using the 
universal primer until the EcoRV site near the 3’ end of the sense strand of the 
cDNA was passed. 
Sequence #2 
pTCS5021 was treated with EcoRV and Smal. The digestion 
removed the 0.3-kb fragment between the Smal site in the polylinker and the 
EcoRV site near the 3’ end of the sense strand of the cDNA. The linear plasmid 
was recircularized. The deleted insert in the plasmid was sequenced using the 
universal primer in the direction of the sense strand. 
Sequence #3 
Primer A was used to prime the sense strand as in the case of 
pTCS48210. 
Sequence #4 
A third synthetic 17-mer oligonucleotide, primer B (5，-
d[AACGCGATGTTGGAGGT]-3') (Figure 4.2), was adopted to carry out the 
antisense-strand sequencing which completed the pTCS5021 sequencing. 
4.3 Results and Discussion 
4.3.1 Nucleotide Sequence and Deduced Amino Acid Sequence 
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Preliminary sequence analysis of pTCS48210 and pTCS5021 
confirmed that the clones contained sequences potentially coding for TCS 
beginning from the 82nd base from one end. The sequence information was then 
extended to cover the entire coding region for TCS as shown in Figure 4.2. 
Approximately 1000 bases were sequenced for each clone. We made no attempt 
to sequence the entire 3’ noncoding flanking regions of the cDNAs. 
The nucleotide sequences of pTCS48210 and pTCS5021 and their 
translation product are shown in Figure 4.3. The two TCS cDNAs are identical 
except three nucleotide changes of T to A, C to G and T to A at positions 196, 
197 and 468 respectively. Nevertheless, they encode exactly the same amino acid 
sequence. For convenience, the following discussion is based on the sequence of 
pTCS48210. 
The translation start codon (ATG) is present at position 10 and the 
ORF of 867 nucleotides encodes a polypeptide of 289 amino acid residues 
(Figure 4.3). The calculated molecular weight of the polypeptide is 31,674. A 
potential polyadenylation signal (AATAAA) is found 83 bases downstream from 
the stop codon (TAG) of the protein coding sequence. It has been reported that 
many determined plant genes have dual putative polyadenylation signals (Messing 
et aL, 1983). In addition, the genes of two RIPs, ricin (Hailing et a l , 1985) and 
a -MMC (Liu, 1989)，also contain two putative polyadenylation signals in their 
3，-noncoding regions. Therefore, it is possible that another polyadenylation 
sequence is located at a further downstream position in the TCS transcript. Since 
sequence information (data not shown) indicated that the poly(A) tail is added 
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(a) 5' GTCAAAAAG 
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ATG ATC AG A TTC TTA GTC CTC TCT TTG GTA ATT CTC ACC CTC TTC CTA AC A ACT 
(b) |Het lie Arg Phe Leu Val Leu Ser Leu Leu lie Leu Thr Leu Phe Leu Thr Thr 
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Figure 4.3. Primary structure of the cDNA encoding a trichosanthin precursor. 
(a) The coding strand sequence determined for pTCS48210. The sequence is 
numbered above for convenience. The nucleotides in pTCS5021 and in 
the TCS genomic DNA reported by Chow et al (1990) different from 
those in pTCS48210 are shown above the sequence, and indicated by solid 
triangles and empty triangles respectively. The potential polyadenylation 
sequence is underlined. 
(b). The sequence of the encoded precursor protein for TCS. The protein 
sequence is numbered below. The mature protein sequence is numbered 
from 1 through 247; the putative secretory signal peptide is numbered in 
a negative form and boxed; and the additional carboxyl-terminal sequence 
noted in the precursor is numbered in parentheses and underlined. The 
amino acid differences in the TCS primary sequence deduced from the 
genomic DNA are specified below the sequence. 
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approximately 360 bases downstream from the stop codon, the poly(A) addition 
signal is closer to the stop codon than to the poly(A) tail. This gene structural 
feature is commonly seen in plant genes (Messing et aL, 1983) and differs from 
that in animal genes. 
The translation information of the TCS cDNA indicates that the 
sequence has no potential N-linked glycosylation sites (Asn-X-Ser/Thr); this 
finding agrees with the structural property of TCS examined previously by Jin et 
al (1981). Alignment of the deduced amino acid sequence from the TCS cDNA 
with the protein sequence of TCS determined by Collins et al (1990) (Figure 4.4) 
shows that the polypeptide encoded by the TCS cDNA is a precursor of TCS. 
The predicted preprotrichosanthin contains a 23-aa signal sequence encoded by 
nucleotides 10 through 78 preceding the mature TCS and a 19-aa C-terminal 
extension encoded by nucleotides 820 through 876. The putative signal peptide 
should be removed co-translationally and the C-terminal extension should be 
cleaved off during post-translational modification. The length of the signal 
peptide is typical of that found in other eukaryotes (Inouye and Halegoua, 1980) 
and its hydrophobic core implies that TCS is a secretory protein. Secreting TCS 
out of the cells in which it is produced serves to protect the cells from inhibiting 
their protein synthesis by the RIP. It was discovered that the ribosomes taken 
from a plant producing a RIP are particularly resistant to that RIP; however, the 
protein synthesis is still affected especially in the presence of a large amount of 
that RIP (Owens et a l , 1973; Coleman and Roberts, 1981; Harley and Beevers, 
1982). Since TCS is expected to be synthesized extensively, it is important to 
avoid accumulating the protein in the cells in which TCS is produced. 
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Figure 4.4. Alignment of (a) the amino acid sequence deduced from the TCS 
transcript with the determined protein sequences of TCS taken (b) from Collins 
et al (1990), and (c) from Wang et al (1986). The deduced amino sequence is 
numbered. Differences in the sequence of Wang et al relative to the deduced 
sequence are underlined. 
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Furthermore, the C-terminal extension of the TCS precursor is also expected to 
function to minimize the activity of TCS inside the plant cells. Thus, we predict 
that the ribosome-inactivating activity of the pro-TCS with the C-terminal 
extension is lower than that of the mature TCS. This hypothesis can be tested 
by expressing the pro-TCS and the mature TCS encoded by appropriately deleted 
cDNAs in E. coli and comparing their effects on eukaryotic ribosomes. 
The sequence of the mature TCS predicted from the cDNA is 
completely identical to that of TCS reported by Collins et al (1990). However, 
the protein sequence of TCS determined by Wang et al (1986) is significantly 
different from our deduced sequence (Figure 4.4). The major differences relative 
to our sequence are (1) the deletion of Thr-59, Ile-60 and Ser-61, (2) the addition 
of 10 residues (Asp, Ala, Gly, Leu, Pro, Arg, Asn, Ala, Val and Leu) between 
Val-69 and Tyr-70, (3) an insertion of a Leu between Ser-191 and Tip-192 and 
most critical, (4) a deletion of 21 residues between Arg-222 and Asn-244, This 
difference corresponds to a potential tryptic cleavage peptide flanked by Arg 
residues. There are also nine residual substitutions throughout the sequence. 
The genomic sequence of TCS contains at least four sequences that 
resemble a T A T A box found in eukaryotic genes 30-35 nucleotides upstream of 
the transcription start sites (Chow et aL, 1990). When the transcript of TCS 
determined in our study is mapped on the gene, the short 5'-noncoding flanking 
sequence in the cDNA suggests that the nearest T A T A A sequence 57-base 
upstream from the A T G triplet serves as the actual initiation signal for 
transcription. 
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In addition, we find six nucleotide differences between the genomic 
D N A reported by Chow et al (1990) and our TCS cDNA in pTCS48210, two of 
which at positions 710 and 749 change Ser-211 to Thr and Thr-224 to Met 
conservatively, four of which at positions 432, 468，600 and 805 cause no changes 
in encoded amino acids. It should be noted that the leaves of T. kirilowii Maxim, 
for genomic D N A isolation were collected from South Korea (Chow et a l , 1990) 
whereas the root tubers used in our study were from Guangdong of China. Thus, 
it is likely that the nucleotide differences which result in slightly different protein 
products arise from real variations between TCS genes in T. kirilowii Maxim, 
growing in distinct places. However, the possibility that the cDNA transcript and 
the genomic D N A belong to different variant genes for TCS in a gene family 
cannot be ruled out. It is typical to find genes for RIPs present as multigene 
families (Cawley et aL, 1977; Hailing et aL, 1985). Moreover, Southern blot 
analysis suggested that the T. kirilowii Maxim, genome contains about four TCS-
like genes (Chow et al., 1990). 
The TCS cDNA contained in pTCS48210 is larger than that in 
pTCS5021 by approximately 40 bases. Sequence information (data not shown) 
indicated that their difference in size is attributed to variation in the number of 
A nucleotides composing their poly(A) tails. In addition to variation in length, 
their nucleotide sequences have three changes as mentioned above. We presume 
that they are derived from two TCS allelic genes. Again, it is also possible that 
the transcripts originate from variant genes in a multigene family for TCS. 
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It has been previously reported that RIPs share extensive sequence 
homology (Ready et al.’ 1984a; Lappi et aL, 1985; Zhang and Wang, 1986). The 
amino acid sequence of the mature TCS deduced from the cDNA is aligned with 
the complete sequences of ricin and abrin A-chains to optimize homologies 
(Figure 4.5). TCS and ricin A-chain have 39.0% identity in 241 aa overlap 
whereas TCS and abrin A-chain have 38.7% identity in 235 aa overlap. The 
similarity between the RIPs produced by the plants of three phylogenetically 
unrelated families suggests that there might be an ancestral gene coding for a 
RIP present in an early angiosperm. During phylogenetic differentiation, the 
gene diversified to give rise to various RIP genes which are widely distributed 
throughout the higher plants of several families (Ready et aL, 1984a). 
4.3«2 Secondary Structure Predicted from the Amino Acid Sequence 
Encoded by the Trichosanthin cDNA 
Computer-assisted secondary structure predictions from the mature 
TCS encoded by the cDNA were made using the protein sequence analysis 
program PROSIS Version 1 (Pharmacia). The predictions were based on the 
original method of Chou and Fasman (1978). Figure 4.6 is a schematic diagram 
indicating the secondary structures of the polypeptide. The mature TCS was 
predicted to contain a substantial amount of secondary structures. This structural 
feature is also found in ricin A-chain, since Montfort et oL (1987) reported that 
about 45% of the residues of ricin A-chain are involved in a-helices and )9-sheets. 
The tertiary structure of ricin A-chain (Figure 4.7) shows seven a-helices and a 
five-stranded 厂-sheet. In constrast, the predicted structure of TCS contains 14 
potential /3-strands and only 4 a-helices. Some of these predicted structures, 
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Figure 4.5. Alignment of protein sequences of (a) ricin A-chain, (b) TCS and 
(c) abrin A-chain. A l l positionally matched and identical residues are boxed. 
The sequences of ricin A-chain and TCS are numbered. TCS sequence is taken 
from the cDNA; ricin A-chain sequence from Lamb et al (1985); abrin A-chain 
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Figure 4.6. Schematic diagram of the secondary structure of TCS predicted 
based on the protein sequence deduced from the TCS cDNA. [ z u ^ ] a-helix; 
‘VWW ] ^-sheet; [ 1 ] /3-turn; [ •] coil. 
118 
# 
Figure 4.7. Ribbon representration of the ricin A-chain backbone. The A chain 
has been divided into three domains where residues 1-117 have a small dot 
pattern, residues 118-210 are an open ribbon, and residues 211-267 have a large 
dot pattern. (Modified from Montfort et aL, 1987) 
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especially the a-helices, more or less match those formed by the corresponding 
residues in ricin A-chain. For example, as shown in Figure 4.6, the residues of 
TCS at positions 84-93 generate an a-helix. The corresponding residues at 
positions 94-103 in ricin A-chain (Figure 4.5) also form a helix (Figure 4.7). 
However, the predictions for the occurrence of 卢-strands were less accurate. For 
instance, the residues at positions about 163-179 in TCS were predicted to form 
a -strand but the corresponding region in ricin A-chain is actually a helix. This 
may due to the low accuracy of 卢-sheet prediction by this method (Cantor and 
Schimmel, 1980). Since TCS and ricin A-chain are related in their functions, we 
suppose that their tertiary structures should be even more conservative than the 
primary structures. Nevertheless, the secondary structure predictions are far 
from our expectation. It must be pointed out that these semi-empirical 
predictions of protein secondary structure are only weakly correlated with actual 
structures. In order to find out the conserved structures in TCS as compared 
with other RIPs such as ricin to aid the elucidation of structure-function 
relationships in plant-derived RIPs, an accurate molecular model for TCS is 
o 
necessary. Electron density maps with 2.6- and 3.0-A resolution have been 
produced (Pan et al” 1987). They also made a three-dimensional model of TCS 
built into the election density to accommodate an amino acid sequence reported 
by Wang et al (1986). The model differs significantly in detail from that of ricin 
A-chain, although the overall features of the electron density of TCS and the flow 
of the backbone in the model proposed by Pan et al (1987) are very similar to 
those of ricin A-chain (Montfort et a l , 1987). I t is likely that the deviations are 
due to Pan et al using the erroneous sequence to model the three-dimensional 
structure. Therefore, I suggest that a three-dimensional model of TCS should be 
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re-built based on the previously reported X-ray diffraction data of the molecule 
(Pan et aL, 1986 and 1987) and the amino acid sequence predicted from the TCS 
cDNA. In future, mutational analysis performed with recombinant DNA 
technology combining with the structural information may pinpoint the structural 
features important to the activity of TCS. 
On the other hand, the antigenic index (Al ) which is a measure of 
the probahdlity that a region is antigenic is calculated by summing several 
weighed measures of secondary structure for the amino acid sequence encoded 
by the TCS cDNA. The method is described by Jameson and Wolf (1988). The 
regions on the sequence with A l larger than 1.2 are specified in Figure 4.8A. It 
is reasonably to expect that these regions are located at the surface of the 
molecule where is usually relatively hydrophilic. Therefore, we also made a 
hydrophobicity plot for the deduced primary sequence of TCS (Figure 4.8B). The 
regions in the plot corresponding to the highly antigenic areas shown in Figure 
4.8A are also denoted. The predicted antigenic residues are found to be 
clustered in hydrophilic regions. Thus the predictions more or less confirm our 
expectation although whether they are located at the surface of the molecule is 
uncertain. This information may be valuable for us to modify the TCS molecule 
to diminish its antigenicity using protein engineering techniques. 
In conclusion, in this study, we have obtained two independent 
cDNAs coding for the same TCS precursor. The preprotrichosanthin contains a 
putative signal peptide and a C-temiinal extension. The hydrophobicity of the 
signal sequence suggests that the mature TCS should be a secreted protein. In 
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Figure 4.8. 
A. The positions on the backbone of TCS predicted to be highly antigenic 
based on the amino acid sequence deduced from the TCS cDNA are 
indicated and numbered. 
B. Hydrophobicity plot of the cDNA-encoded TCS sequence. The regions 
on the plot corresponding to the highly antigenic positions shown in A 
are also numbered in the same order. 
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future, the studies concerning TCS using recombinant DNA techniques can be 
carried out following different routes: 
1. inserting the cDNA fragment coding the mature TCS into an expression 
vector to synthesize TCS in R coli; 
2. defining the activity-related residues in TCS by mutational analysis such as 
residual deletion and substitution; 
3. modifying the TCS molecule by site-directed mutagenesis to remove the 
undesirable properties of the toxin, for example, its strong antigenicity, 








10 mM Tris-Cl (pH 7.4) 
1 mM EDTA (pH 8.0) 
pH 8.0 
10 mM Tris-Cl (pH 8.0) 
1 mM EDTA (pH 8.0) 
(b) STE (also called TEN) ‘ 
0.1 M NaCl 
10 m M Tris-Cl (pH 8.0) 
1 mM EDTA (pH 8.0) 
(c) 1 M Tris-Cl 
per liter: 121.1 g Tris base 
The pH was adjusted to desired value by adding concentrated H Q and the 
volume was made up to 1 liter with water. 
I I . DNA Electrophoresis Buffers 
(a) Tris-acetate (TAE) 
working solution (Ix) 
0.04 M Tris-acetate 
0.001 M EDTA 
concentrated stock solution (50x) 
per liter: 242 g Tris base 
57.1 ml glacial acetic acid 
100 ml 0.5 M EDTA (pH 8.0) 
(b) Tris-borate (TBE) 
working solution (Ix) 
0.09 M Tris-borate 
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0.002 M EDTA 
concentrated stock solution (5x) 
per liter: 54 g Tris base 
27.5 g boric acid 
20 ml 0.5 M EDTA (pH 8.0) 
(c) 5x gel loading buffer 
25%(w/v) sucrose in water 
5 m M sodium acetate 
0.05%(w/v) bromophenol blue 
0.1%(w/v) SDS 
The buffer was stored at 4°C. 
I I I . Reagents Used in Hybridization 
(a) 5Ox Denhardnt's solution (Denhardnt, 1966) 
per 500 ml: 5 g Ficoll (Type 400，Pharmacia) 
5 g polyvinylpyrrolidone 
5 g bovine semm albumin (Fraction V; Sigma) 
and water to 500 ml 
(b) 20x SSC 
per liter: 175.5 g NaCl 
88.2 g sodium citrate 
The p H of the buffer was adjusted to 7.0 with 10 N NaOH and the volume 
was made up to 1 liter with water. 
(c) 10% sodium dodecyl sulfate (SDS) 
per 100 ml: 10 g electrophoresis-grade SDS 
The p H was adjusted to 7.2 with concentrated H Q and the volume was 
made up to 100 ml with water. 
(d) 20x SET 
3 M NaCl 
20 m M EDTA 
0.4 M Tris-Cl (pH 7.8) 
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Appendix B 
Bacterial Media，Bacterial Stains, 
and Bacteriophage A 
I. Liquid Media 
(a) LB medium (Luria-Bertani medium) 
per liter: 10 g bacto-tryptone 
5 g bacto-yeast extract 
10 g NaCl 
The p H of the solution was adjusted to 7.0 with 5 N NaOH and the 
volume was made up to 1 liter with water. The medium was sterilized by 
autoclaving for 20 minutes at 15 Ib/sq.in. on liquid cycle. 
(b) SOB medium 
per liter: 20 g bacto-tryptone 
5 g bacto-yeast extract 
0.5 g NaCl 
10 ml 250 mM KCl 
The p H was adjusted to 7.0 with 5 N NaOH and the volume was made up 
to 1 liter with water. The solution was sterilized by autoclaving for 20 
minutes at 15 Ib/sq.in. on liquid cycle. Just before use, 5 ml of a sterile 
solution of 2 M MgCl。was added to the medium. 
(c) SOC medium 
SOC medium is identical to SOB medium except it contains 20 m M 
glucose. After the SOB medium had been autoclaved, it was allowed to 
cool to 60°C or less and then 20 ml of a sterile 1 M solution of glucose 
was added. 
II. Media Containing Agar or Agarose 
Liquid media were prepared according to the recipes given above. Just 
before autoclaving, one of the following was added: 
for plates, 
15 g bacto-agar or agarose per liter 
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for top agar or agarose, 
5 g bacto-agar or agarose per liter 
The solution was sterilized by autoclaving for 20 minutes at 15 Ib/sq.in. 
on liquid cycle. The hardened agar or agarose plates were inverted and 
stored at 4°C until used. The top agar or agarose was stored at room 
temperature. 
Note: If necessary, ampicillin was added to the liquid media just before use or 
to the media containing agar (agarose) after the autoclaved media had been 
cooled down to about 50。C to a concentration of 20 /xg/ml. 
III. Solutions for Working with Bacteriophage X 
(a) Maltose 
Maltose，an inducer of the gene (lamB) that codes for the bacteriophage 
；I receptor, was added to the media during growth of bacteria that were 
to be used to plating bacteriophage 入 . 1 ml of a sterile 20% maltose 
solution was added to every 100 ml of medium. 
20% stock solution of maltose 
per 100 ml: 20 g maltose 
with water to 100 mi 
The solution was sterilized by filtration through a 0.22-inicron filter and 
stored at room temperature. 
(b) SM 
The buffer was used for storage and dilution of bacteriophage X stocks. 
per liter: 5.8 g NaCl 
2 g MgSO^.THp 
50 ml 1 M Tris-Cl (pH 7.5) 
5 ml 2% gelatin 
with water to 1 liter 
The buffer was sterilized by autoclaving for 20 minutes at 15 Ib/sq.in. on 
liquid cycle and stored at room temperature.. 
III. Bacterial Stains 
Strain Genotype References 
C600 supEu hsdR thi-i thr-i ieuB6 lacYi Young & Davis, 1983 
(BNN93) '。邏 
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Strain Genotype References 
BNN102 5upE44 hsdR thi-i thr-i LeuBQ LacYi Youn<7 & Davis 1983 
[C600hflA) toaA2l hflA150[chr::TnI0Uet')\ ^ ， 
DH5a sap£44 A/acUi69fo!>8o/acZAMi5) Hanahan, 1983; Bethesda 
/isdRllrecAl endAl gyrA96 ihi-l reLAl RgS Lab 1986 
JM109 二二RiigyrAss Yanisch-Perron et oL, 1985 
F' [traD26 proAB ‘ lacP lacZ^mS] 
V. XgtlO (Huynh et a l , 1985) 
Genotype 
入 s厂 u r 6527 srlXS" i m m 4 3 4 ( s r I 4 3 4 ^ ) s厂U 4 � s r l A S " 
Genetic characteristics 
Amber mutations no 




red/gam status of vector redgam ^ 
red/gam status of recombinants red+gam + 
chi site present in recombinants no 
Propagates on rec^' hosts yes 
Spi selection no 
Hosts C600 (BNN93) to 
propagate vector 
BNN102 (C_hflA) 
to screen for re-
combinants 
Cloning site 
T , Size (kb) Insert ion/ : Site subst i tut ion left arm right arm insert ' Recombinants 
EcoRl I n se r t i on 32.7 10.6 0 - 6 ‘ d' 
•The maximum theoretical size of cDNA that can be propagated in AgtlO is - 7 . 6 kb. 
However, to allow a margin of safety, cDNA est imated to be larger than � 6 kb should 




(a) Standard transformation buffer (TFB) 
100 m M KCl (ultrapure) 
45 m M M n C L f f l p 
10 m M C a C l ^ J H p 
3 mM HAC0CI3 
10 m M K-MES 
final pH 6.20 
The solution was sterilized by filtration through a 0.22-inicron filter and 
stored at 4°C. 
(b) DMSO and DTT solution (DnD) 
1 M DTT 
90%(v/v) DMSO 
10 m M potassium acetate 
The solution was sterilized by filtration through a 0.22-micron filter and 
stored at -20°C. 
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